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Sample Size Estimation

» Objective/Management Goal

= Document the percentage of BMPs that |.
are still in place and functioning

properly
= Inform Bay model simulation updates

» Target Populations

= BMP implemented through state cost-
share program

= BMP implemented through CAFO
permits

= BMP implemented voluntarily without
cost-share

= Resource improvement practice
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Binomial Distribution

» Binomial Distribution

= Are the BMPs still there?
* Yes/No

= Are the BMPs still functioning properly?

* Yes/No

» Sample Size—just like political polls

Margin of Error Sample Size
+2% @ e n=2,401
+ 3% n=1,067
*+4% @ # n=600
5% @ ® n=384
+10% n=96
[ &
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Source: http://en.wikipedia.org/wiki/Margin_of_error#Calculations_assuming_random_sampling
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Binomial Distribution

Standard Sample Size Equation N p= total number of population units
In sample population

Z _a n, = preliminary estimate of sample
1-%/5

size (sample size for large N)

d2 Z..4o = value corresponding to
‘ cumulative area of 1-a/2
using the normal distribution

p = proportion of “yes” responses

n, =

Political Poll Example

96 — (1.96)#(0.5)(0.5) q = proportion of “no” responses
(0.10)2 (i.e., 1-p)
d = allowable error (margin of error)
Finite Population Correction ¢@ = ny/N unless otherwise stated
Itp n = number of samples (adjusted

— for finite population)

@ TETRA TECH 4



Observations

» Improved precision

= More sampling
» Reduce sampling costs

= Lower confidence level (e.g., 95% Cl — 90% CI)
" Increased allowable error, d, (e.g., £10% — x15%)

» Less sampling is needed to maintain precision if the
percentage of BMPs maintained is closer to 100%

= A priori knowledge Is important
= 50% BMP maintenance is a conservative assumption
= But don’t overestimate

» Finite Populations

= Sampling from small populations can result in large
errors.
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Potential Application

» Precision Statement

= Estimate the percentage of BMPs maintained, p, to within
+d% using a X% confidence level.

» Example:
" The percentage of BMPs maintained is 85% +10% with a
95% confidence level, or

= The range of maintained BMPs is 75-95% with a 95%
confidence interval.

» Worked Example
» p: No information (50%), Good (70%), Excellent (85%)
» +d: 5%, 10%, and 15%
» X%: 90% and 95%
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Work Example—Sample Size (n)

95% Confidence Level
p +d 100 200 600 1000| 1,500 ( 2,000
NG 50% 5% 8ol | 132|' 35 278 I 307 I 323
nformation  20% 10% 50(F] 66 (1] # 84(l] 89 (l] 92| 93
50% 15% 311 36 41 42 42 43
Good 70% 5% 770 ] 124 F 21 E]|i E45F 266 F 279
Maintenance 0% 10% 451 58(1] 7211 7500 7700 78
70% 15% 2711 3111 34 3500 36 36
85% 5% 6701 9o[F | 148 1 164 | 174 ] 179
Excellent 85% 10% 33 401 461 471 481 48
85% 15% 19/ 20(] 221 221 221 22

90% Confidence Level
p +d Large N 100 200 600 1000| 1,500 ( 2,000

No 50% 5% rl 271

200, by ?4|' 116||':| 15?|i_|214|i_|230|i_|239

41 Y62l 64 66[E] 66
50% 15% | 31 24 271 30| 31l 31|l 31

I:I

Information

| 70% 10% |I] 57 37 45 53] 54| 551 56
Maintenance o 15% |l 26 21 24 |] 25(] 26| 26| 26
85% 5% || 138 1131 122 ] 1278 ] 130

Excellent  85% 10% [l 35

F]
'
Good 70% 5% [ 1228[] ?on 1071 1660 ] 186[._ | 198[_ | 205

1 1

I |]

N

|

|

zal]si‘(ao *34|] 34 35 35
14])

89% 15% | 16 15| 16| 16| 16| 16
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>20% | @

10-20% |0

Work Example—Sample Level (n/N) =10 10
0

95% Confidence Level <5%|©
p +d Large N 100 200 600, 1000| 1,500 | 2,000
No H0% 5% ® 580%@® 66%@® 39%@® 23%@ 20%|0 16%
Information H0% 10% || o7 @ 50%@ 33% 4% |0 9% | 5% |@ H%
50% 15% | A3@ 31%|Q 18%|0 7% |@ 4% |Q 3% |@ 2%
Good 70% 5% |i 323 @ 77%|@ 62% @ 35% @ 25%|(0 18%|0 14%
Maintenance T0% 10% || 81@ 45%(@ 29%|0 12%|0 8% |0 5% |@ 4%
70% 15% | 6@ 27%|D 16%|0 6% |@ 4% |@ 2% |@ 2%
85% 5% |_| 196|/@ 67%|@ 50%(@ 25%|0 16%|0 12%|0 0%
Excellent 85% 10% [ 9@ 33%Q 20%|0 8% |@ 5% |@ 3% |@ 2%
85% 15% || 221  19%|(0  10%|@ 4% |@ 2% |@ 1% |@ 1%

90% Confidence Level
p +d Large N 100 200 600/ 1000/ 1,500 | 2,000
No 50% 5% |_I 271@ 74% @ 55% @ 31% @ 21%|0 15%|(0 12%
Information H0% 10% || 65 @ 41%(@ 26% 0% (O 6% |@ 4% |@ 3%
H0% 15% ! M@ 24%(0 14%|D 5% |@ 3%|@ 2% |@ 2%
Good 0% 5% |_| 228/ @ T70%|@ 54%|@ 28%|0 19%|/Q 13%|Q 10%
Maintenance 70% 10% || 57@ 37%(@ 23%|0 9% | 5% |@ 4% |@ 3%
70% 15% || 26/@ 21%(Q 12%|D 4% |@ 3% |@ 2% @ 1%
85% 5% |i_| 133/@ 58%|@ 41%|[0 19%|Q 12%|0 8% |0 7%
Excellent — 85% 10% |l 35|@  26%|0Y15%| Y 6%|@  3%|@ 2%|®@ 2%
85% 15% || 16|Q 14%|0 8% |@ 3% |@ 2% |@ 1% |@ 1%
8
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What is the basis for using the initial estimate of
50%0 as the standard for presence or functioning of
BMPs?

What is the basis for recommending use of a
percentage from previous studies?



Because the formula does not establish a defined
allowable error (d) or confidence level (a), then the
Ag Work Group should do so. Does that not return us
to the debate over the prior 80% confidence level

that was rejected?

Ny =
2
d 10
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It is unclear why the total number of BMPs initially
reported as being present and operating is not the

baseline for deriving the sample humbers. Am 1
simply confused?

N

total number of population units in the sample population

= the total number of BMPs initially reported as being
Implemented and operational
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The procedure incorporates an “estimate of the total
population (N) from which the sample is taken” and
argues that this estimate “can be based on records
of BMP implementation.” How? Isn’t verification of
implementation what the process is trying to
determine?
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There needs to be a clear linkage between the
formula and the verification standards we are
establishing. For example, who does the sampling
and how is it done when using the formula?
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I am assuming that if a state is to determine how to
use this formula, it would be reviewed by the BMP
Review Panel and EPA. We would, as we discussed,
need to insure this linkage, also, in any verification

guidance?
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95% Confidence Level

p

+d

Large N

No
Information

50%
50%
50%

5%
10%
15%

Good
Maintenance

0%
0%
0%

5%
10%
15%

85%

5%

Excellent  85% 10%

85% 15%

90% Confidence Level

p +d |LargeN 100 200 600| 1000| 1,500 | 2,000
No 50% 5% [ 271 74 116 187 214 230 39
Information | 20% 10% [ 68 [l 41|l 51|01 62|t 6411 66/(L] 66
50% 15% |1 310 24| 27]1 301 310 310 31
Good 70% 5% [ 228 70 107 166 186 198 205
Maintenance 0% 10% [0 s7ll 37 45l 53 54l 55t 56
70% 15% I 26| 21l 24| 25|l 26| 26| 26
85% 5% 138 58 82 113 122 127 130
Excellent 85% 0% | 35|l 261 30fl 34l 34l 3l 35
85% 15% | 16 14 15{ 16 16 16 16

14



