Simple Random Sampling

n items measured out of N possible items (sometimes N is inf inite)

Zyi n
y="-1— Zyi (sumoverall n items)
n i=1

n

yl.2 (square each value and then add them)
i=1

z_zyiz_(zyi)z/n 2_sy2(N_n

s, = sy = —— without replacement;
n—1 n N
s 2
2 _ Yy . .
S5 = with replacement or when N is very large
yr =NXYy syTZ=N2><s§2

(when y is already on a per ha basis (e.g., m’ perha, then use A (area in ha)

instead of N in calculating y, and syTz)

95% Confidence Intervals forthe mean of the population:
YHI= b, e XS5

95% Confidence Intervals forthe total of the population:

Yr+t!= tian XSy,

CI width L ieasa XS5
Percent error achieved = ——"""" %100 = #XlOO for a completed survey
est. mean y
. AE .
Desired Percent error (PE) =——x100 when AE is given for a new survey
y
Sample Size without replacement : with replacement or very large N :
1 1 'xs?  xCy?
= n = =
AE? PE’ AE? PE’

1 T
~ 7 r vt 2
N i*xs° N t°xCV




Systematic Sampling

Strip Sampling
» each strip is one observation, and the value for each strip is y, in the simple random sampling

formula, and 7 is the number of strips selected for measurement
» randomly select the first strip
» Intensity is calculated as:

» Can calculate number of strips needed based on intensity desired, the size of the area (A), and the

area under each plot (a)

Line Plot Sampling (or erid sampling)

» each plot is one observation, and the value for each plotis y, in the simple random sampling
formula, and n is the number of plots.

IxXA

a

Sample Size: 1) n= or 2)use simple random sampling equations for a specified AE

or PE or 3) sample size is limited by cost

Spacing :

AGm’) or L(m) =—A(Z ) or B(m) :—A(m )

d(m) = n nXx B(m) nx L(m)

Line Intersect Sampling

For each line with length L in metres, dij in cm, and @ ij in degrees:
2

mi )
(m* 1ha) == dU/ .
y;i(m”/ ha) 8><L; cos(d ij)
10000 % 77 & 1
2X L Z

then the y, are used in the simple random sampling equations to get an estimate

(stems /| ha) =—
yi( ) = lij X cos(8 i)

of the mean, confidence intervals for this, and an estimate of the total with an

associated confidence interval. The sample size,n, is the number of lines.




Sampling for Proportions of Observations that have a particular characteristic

Single Observations, No stratification

n
b= number having the characteri stic ; Vi
number of sampled n

y; =1 if it has the characteri stic and O otherwise

N is the total number of observatio ns in the population

Confidence intervals:

One way: normal approximation when np > 5 or nq > 5

- 1

. A | pg n 5+ -
—1- P W B P ptz Xs,+

1=7p % n—l( NJ " 2n

For example, for a 95% confidence interval, z=1.96. For a 90% confidence interval, z=1.64. Another
way: for 95 % confidence intervals, use the binomial graph.

Testing Hypotheses,

One proportion: s the proportion more than (some value)? (Note: could also test if the proportion
was less than a value)

H,: p = (some value )
H,: p > (some value )

_ p—(some value)

<

Sp

Compare to zcritical froma normal distribution table. If z calculated is greater than

z in the table, then reject H,.  For example: zcritical fora=0.05is 1.64
Comparing proportions from two populations:

H,: p, =p,

H,: p,>p,

2A_ﬁ1><6}1 N, —n 2 _ﬁzxéz N, —n,
Spl— S =
n, —1 N,

p.—p,)—0
Z:(P1 123)

\/ Sz,a, + S2ﬁ2
Compare to zcritical from a normal distributi on table. If z calculated is greater than

z in the table, then reject H,. For example : zcritical for @ =0.05is 1.64
Sample size for estimating one proportion:
1
1 AE’®
INIE TN
N z7°XpXq

n=




Proportions in clusters (e.g., plots, trucks, houses, or any group of items)

Two types of analysis:

1. Give equal weight to the proportion from each cluster. Calculate a proportion for each cluster, and
treat each proportion as yi in simple random sampling equations

2. Give plots with more items more weight. Equations are then based on ratio of means sampling:
N=number of clusters in the population

n=number of clusters sampled

mi= number of items in cluster i

ai = number of items in cluster i that have the characteristic (e.g. dead, or whatever characteristic)

n
m = Z mi /n the average number of items per cluster
i=1

p = ———  the estimated proportion

n n

Need also znai2 Zmi2 ZaimizznaiXmi
i=1

i=1 i=1 i=1

s _WN-m) 1 Y ai’-2pY aimi +pY mi’

b N nxim

n-—1

95 % Confidence Intervals  for the proportion
pH/= 1, 4% S5




Stratified Random Sampling
For each stratum (use simple random sampling equations for data from the stratum):
n , items measured out of N, possible items (sometimes N, is inf inite)

n
2 Vi \
— i=1

n
_ : _ R
Yi = zyih (Sum overall n, ltems) Zyih (Square each and sum)
n, i=1 0
2 2 2 2
2 Zyih _(Zyih) /n, > _Sw [N,—n, y S
Syp = §o, =——| ——|or s, =
yh _ 1 yh yh
nh nh h nh

2

_ S
CVh = _—XlOO
Yh

(when Yy, is already on a per ha basis (e.g. m’/ ha), then use A, (area in ha)

— 2 2
Yo =Ny Xy, Sy, =Ny Xsy,

Y1n

instead of N, in calculating y,, and synz)

95% Confidence Intervals forthe mean for Stratum h :

Yo t/= b g X S5

95% Confidence Intervals forthe total for Stratum h:

Yo T/ tiiiasn X S

Overall (putting strata together to get estimates for the entire population):

N A . L
W, = W” or W, = Xh where W, is the relative size of Stratum h
L L Nh
Ysr :thth ZZWth Vs =N XYgr
h=1 h=1
2 < 2 2 L N : 2 2 2 2
_ _ h _
S?sT - ;Wh XSyh - ; NZ XSyh § Yrsr N™x S&ST

(if v, is expressed on a per ha basis (e.g. m’/ ha) then replace N by
A (area for population) to obtain y; and s,
95% Confidence Intervals for the mean for the population :
Vsr H1= tppp XS5,

95% Confidence Intervals for the totalfor the population :
Vesr H/= topp X 8
where EDF is somewhere between the smallestn, —1 up to the sum of

the n, —1 for all strata combined. EDF can be calculated by :

(s, 2f (5,2 )
Sor SSer

T

EDF = =
2 2
i(WhZXsyhz) NhZX&Z
— nh _1 i N2 Vi
h=1 n,—1
CI width Lepp X85,
Percent error achieved = ——"" " x100 = 0w 100 for a completed survey

est. mean Ysr




Stratified Random Sampling (Continued)

Sample Size Calculations:

Equal allocation

n,=nlL
where n is calculated as:  without replacement
L L
Lxt*x Y W2ixs?, Lxt*x ) N?ixs
n = h=1 _ h=1
- L - L
ZWhXSZh N2><AE2+t2><ZNh><szh
AE2 +t2>< h=1 h=1

N

for with replacement or when N is very large

L L
LXIZXZWZhXSZh LXIZXZNZhXSZh
h=1 h=1
n = =
AE? N?X AE*

Pr oportional allocation

n

n,=—xn=Ww,
N

where n is calculated as : without replacemen t

L L
12X Y W, xs?, Nxt*xY N, xs?
n = h=1 _ h=1
- L - L
D W,xs’h  N?XAE?+1*x) N,Xxs%
AEZ +Z_2X h=1 h=1
N

for with replacemen t or when N is very [arg e

L L
12X Y W, xs?  Nxt’x) N, xs?
h=1 h=1

AE? N?x AE?




Stratified Random Sampling (Continued)
Neyman allocation

W, xs,

ZW Xs,

n, =nx
where n is calculated as : without replacemen t

h=1 h=1

L 2 L 2
ZZX(ZWhXShj ZZX(ZNhXShj

L L
S W,xs’  N’XAE>+1t*x Y N, xs%

AE? 412 % 1= h=1
N

for with replacemen t or when N is very [arge

L 2 L 2
tzx(ZWthhj tzx(ZNthhj

= h=1
n = =

AE? N?x AE*

Optimum allocation :

thsh/\/a
L
> W, xs, /e,
=1

n, =nx

where n is calculated as: without replacement

h=1 h=1 h=1

L
w, N?XAE> +1*x) N, xs

AE’ +t ><’11 ¥ h=1

for with replacement or when N is very large:

X
Q
:‘

h=1 h=1

(zwﬂ[zvv] tzx@m@(gzv

xsh]

n = =
AE? N?xAE?




Ratio/Regression Sampling

n = number of items with both x and y measures;

N = number of items in the population

M,

Using Mean of Ratios

x is the auxilliary variable

and T_ known, as x is measured on all N items

n h n rl
Zyi/xizzri Zrz’z r=-
i=1 i=1 i=1 n
2 2
r. — r.) /n
s,zzz ’ (Z l) s, =+ 8, cV =22x100
n-—1 r
2
s;2=S’ X(N_nJ §; = s;2
n N
yr:FXﬂx yTr:nyr
S5, =85 XU, Sy, =NXss,

(when'y, is already on a per ha basis (e.g.

instead of N in calculating y,, —nd s, )

95% Confidence Intervals forthe mean of
Yo+ = i XS5

95% Confidence Intervals for the total of

Vo +1— lytimarn X Sy,

CI width

est.mean

Achieved Percent error =

Sample Size without replacement :
1
PE’

1> xCV?

n

T
4+
N

t
x100 =

m’/ ha), then use Al(area in ha)

the population :

the population :

Yr

netl-as2 XS

Yr

%100

with replacement or very large N :
1> xCV?
n=—>r72
PE




Ratio/Regression Sampling (continued)

Using Ratio of Means

R—gyi _Y S, = ! X Zyiz_szxzxiy-i_RzZXiz X(N_nj
Zn:x. X ! nXﬂx2 n—1 N
=

2
Sg =N Sg
Y =RXu, Yrg =N Xyg

2 2 2
y,, =2XRX ) x,y+R" ) x;” /(n—1)
CV’={?—X100::J2: 22_ 2 %100
Yr Yr

S5, =Sg XM, Sy, =NXs5,

(when y, is already on a per ha basis (e.g. m’ /ha), then use Alarea in ha) instead of

N in calculating y,, nd Sy,

95% Confidence Intervals forthe mean of the population :
Yet/= t ian XS5,

95% Confidence Intervals forthe total of the population :

Yrr T/= tiiian XSy

] t XS
Percent error = Clwidih X100 = 427 T 5100
est.mean Ve
Sample Size without replacement : with replacement or very large N :
1 1 *xs,”  2xCV?
1 AE 1 PE AE PE
v S
N t*xs, N t"xCV




Ratio/Regression Sampling (continued)

Using Regression

Need : Zyi Zy" y=i

n
2 2% 2 X =
X, X, Xy, X =
[ i=1

SPXY :inyi—(in)(Zyi)/n SSX =2xi2—(2xi)2/n

SSYZZ)’;‘Z_( yz')z/n

then :
slope : b, = Sﬁg{Y int ercept : b, =y—b, XX
Vi =by +b X, Yr, = NXYy,
/1 -x)" _|(N- Ss
s; =SE. X —+(‘u" ) X n SE, =.|— 8§, =SSY—b xXSPXY
" n SSX N n—2
S)'TIV :Nxsjlr

(when 'y, is alreadyon a per ha basis (e.g. m’/ ha), then use A(area in ha) instead

of Nin calculating y;, and Sy, )

95% ConfidenceIntervals forthe mean of the population:
Vi H1= b X535,

95% ConfidenceIntervals forthe totalof the population:

Yo = biian XSy,

Ir

CI width Lytcain X85
Achieved Percent error:LXIOOz U /_2 %100

est.mean Vi
Sample Size: (not covered in FRST 339)




Double Sampling
Phase 1: Large sample for x

2
n 2 n
, X; —( xl) /n'
n
, _ ) — —
n'observations on x x'=2xi/n' §5'== ’
i=1

Phase 2: Smaller sample, measure y also.
n observatio ns on x and on Yy

y = i=1 Vi Szvzzyiz_( yi)z/n f:;%
n ’ n—1 n
52 _inz_(z xi)z/n S _inyi_(z xi)(z yi)/n
t n—1 o n—1

Double Sampling: Using ratio of means (relationship between v and x goes through zero):

Zyi
— _i=l —

X Yoo A o
R, , == —E Vop =Ry p XX Vrop =NXY,p
hIE?
i-1
20+R, x5 —2%xR,_, X IXR, x5 —R, *xs%' 2
2 Sy 2-p XS5 x 2-p X8y 2-p X8y -p XS x 5T,
S = n " n' - N

NOTE : last term drops out if N is very large or if sampling is with replacement.
Can use s*. (from Phase 2) instead of s.'(from Phase 1)

szyrz—P = N2 styZ—P
(when y,_, is already on a per ha basis (e.g. m’ / ha), then use A(area in ha) instead

of N in calculating y;, , and s, )

95% Confidence Intervals forthe mean for the population :
Yoop T/= 11 X S5,

-P

95% Confidence Intervals forthe total for the population :

Yrop +/= Lyiicarn XS

Yra-p

] t
Percent error achieved = Clw—ldthx 100 =

est. mean Vop

neti—a/2 XS

222 100




Double Sampling

Double Sampling: Using regression (relationship between vy and x can go through something other

than zero)

s,

b=—"- where b is the estimated slope between y and x
SX

Yiop =Y —b(x=X") Yrira-p =N XYyop

2 2 2 2
— sty =\, ) /s,
Sz.v,,zpz(n 1}{ : ( ’) Jx(Hl—lj +[b2><sx J
n-2 n n n n'

2 2 2
STy =N"XS%5,,,
(when 'y, , , is already on a per ha basis (e.g. m’/ ha), then use Alarea in ha) instead

of N in calculating y,, , and szymzfp)

95% Confidence Intervals forthe mean of the population:

Virp T1= toiiian X SSas

95% Confidence Intervals for the total of the population:

Yrwrorp /= L1 X S e nas

) CI width Livicar: XSy,
Achieved Percent error =— x 100 = Oi et
est.mean Viop

x100




