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Chapter 9 — Spatial Variability of Soil Physical Properties

Expressng Variability
Probability Digributions
Measured Vaidhilities

Soil varies naturdly.
They are a product of the factors of formation and continuously change over the earth’ s surface.

Expressng Variability:

Usudly one can determine variability usng only asample of the totd population.

One can say something about the mean and variaion (fandard deviation) of a specific soil physca
property of a population, by measuring that physica property for a limited number of soil samples,
which together make up the sample of the population.

Collect N soil samples with the physicd property z, z, z, z, .......... Zy

(egq. let z; bethe bulk density of soil sample number 1)

Then, themean (m) isdefined as

and the sandard deviation is S=
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and the variance is defined as <.
The coefficient of variation (CV) is defined as the retio of the standard deviation over the mean, or

cv =& Yoo
&mg

What do these Satistical propertiestdl us:

1. TheMeantdls us about the average vaue of the soil property
2. The Standard Deviation gives information about the scatter around the Mean

3. The Codfficient of Variation normdizes that variation, so that variations of properties with different
mean magnitudes can be easily compared

Other gatigtica properties include the mode (most frequently measured vaue), kurtoss (skewness of
digtribution), median (1/2 of z-values are smaller and ¥z of z-vaues are larger than median).

None of these properties ether by themsdves or combined say anything about the type of digtribution
from which the samples are derived (frequency or probability density function).
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Probability disributions

The population is more completely defined by its frequency distribution, which includes the mean and
variation vaues.

Mean, Median, Mode

40 | | 4
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obsarvations i
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Data i Standard Deviation
20 | |
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0 | ! | ©
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Bulk Density, ¢/ cn?®

For example, the frequency digtribution of bulk density might be normdly digtributed, or

& (z- m)?o

1
T E

where f(Z) is defined as the probability density function, which describes the frequency digtribution as
measured (seefigure).

The cumulative digtribution function, F(Z) is defined as.
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F(Z)=P(z<2) = z‘j(z)dz and F(¥) = 1

Alternatively, we can say that the area under the curve of f(x=¥) isawaysequd to 1.0

Also, use thefigure of above to confirm that:

P(Z,<Z<Z,)=KZ,)- KZ,)= Z(‘2)‘(Z)O|Z

Z;

The probability Table (will be used in the [aboratory) is based on normdity of the distribution. However,
rather than using the variable z, the sandard norma deviate (1) is defined:

m= sm , S0 that these tables can be used for any normally distributed variable,

independent of its mean or standard deviation
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The standard normal digtribution is a normalized distribution, which has a mean (m) of zero and standard
deviation (s) of one, or m= N[0,1].

However, normdity is only one of the many type of digtributions that have been described andytically.
Others are Poisson Didribution, Beta and Gamma Didtribution, Gumbe Digtribution, and Lognormal
Didribution:

Log-normd digtribution:
(of saturated hydraulic conductivity)

B /Mode=1.25

# of
Observations

] «— Medn=833

o Memn=2152

I I I ._l
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Saturated hydraulic conductivity, cm/day

If asoil property (2) islog-normaly digtributed than the logarithm of this property (Inz) will be normaly
distributed. In that case, the mean, median and mode are different:

Let my, be the mean of the Inz values and s« be the standard deviation of the log-transformed z-val ues,
then:

Mode = exp (Mnx - SZInx)
Median = exp (Mnx)

Mean == exp (mnx + 0-552|nx)
Variance = Mearf[exp(Sin ) - 1]
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How do you determine that a set of soil physica observationsis normally or lognormdly distributed ?7?
Thisis done by congtructing a frectile diagram:
1. Rank the values of the varigble from low to high in ascending order,

2. Compute the cumulative probability distribution of z as gpproximated by

P = %| =1.,N, N =tota number of observations.

3. Determine the standard norma deviate (m) for the digtributed variable from the standard normal
probability table, i.e. Pim< m], for each value computed in 2 above.

>

Plot the standard normal deviate (m) determinein 3 versusthe variable z,
5. Repest, but in ingtead of z, do the ranking and probability caculationsfor Inz,

6. Repeat step 4,

\‘

. The plot with the straight line relationship is normaly distributed.

Inz, z = saturated hydraulic conductivity

log-normal

0 40 80
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z, saturated hydraulic conductivity

An example of how to do these cdculations for the fractile diagram are given in the fallowing table:
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OBSERVED VALUES (N = 20) OF PORE WATER VELOCITY v (CM DAY"),
SOIL WATER CONTENT 6 (CM* CM?), AND CORRESPONDING

Table 13.1

STATISTICAL PARAMETERS*
H [(ON (In v); [:2 (i-0.3)/N° Em)is°
1 0.66 0.42 0.297 0.025 -1.96
2 1.16 0.15 0.310 0.075 -1.44
3 1.52 0.42 0.318 0.125 -1.15
4 2.29 0.83 0.326 0.175 -0.93
5 2.94 1.08 0.330 0.225 -0.76
6 3.46 1.24 0.333 0.275 -0.60
7 4.35 1.47 0.339 0.325 -0.45
8 4.95 1.60 0.341 0.375 -0.32
9 6.11 1.81 0.345 0.425 0.19
10 7.39 2.00 0.350 0.475 -0.06
11 8.41 2.13 0.351 0.525 0.06
12 10.38 2.34 0.356 0.575 0.19
13 12.81 2.55 0.359 0.625 0.32
14 15.64 2.75 0.363 0.675 0.45
15 18.64 2.92 0.366 0.725 0.60
16 24.53 3.20 0.372 0.775 0.76
17 31.14 3.47 0.375 0.825 0.93
18 47.47 3.86 0.382 0.875 1.15
19 88.23 448 0.390 0.925 1.44
20 90.75 4.51 0.404 0.975 1.96
g 19.19 2.12¢ 0.350 C - -
oy 26.800 1.38° 0.027 - -

* Used to construct the frequency distribution and the fractile diagram given in Fig. 2.

® (i - 0.5)/N approximates the value of the cumulative probability function P{u} where

P{u} =

3
g

exp(-x2/2)dx

° Values of {z-m]s* = u are 6btained from tables of P{u} for each value of (i - 0.5)/N.

dForgv) = Inv, mg =

*For g(v) = Inv,

2 1in w201 =2.12.

20 vz
' SE:{.}; [(In v); vmg]z/(Nal)} 1.38
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M easur ed Variabilities:

Bulk density and porosity: CV =7-10%
Paticleszeandqat 0.1 — 15 bar: CV =10-100 %

K«, K(h), pore water velocity and EC (sdlinity): CV = 100 — 1000 %

In generd: Static soil properties are normaly distributed and dynamic soil properties are log-normaly
distributed and have larger CV's.

If the digribution is normd, the minimum number of samples (N) required to estimate the mean of the
s0il property within a pre-defined percentage of the true vaue (d = min %) a a certain confidence level
(a) can be determined from the following expression:

where X, isthe norma deviate corresponding with confidence interval or probability of making an error:

a Xa

0.05 1.96

0.10 1.65

0.50 0.84
Example

m=95

s=31

d= (0.15)(95) =14  (15% of the mean)
Confidencelevd (a ) = 0.05

Then: N = (1.96)% (3.1)?/ (1.4)* =19
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Consequently, the soil properties with the lowest CV requires the least number of samples to be taken
to estimate their mean vaue within a certain percentage at any sgnificance leve.

If 10 % uncertainty of the mean isdlowed, and for a 0.05 sgnificance level (experimentd data):

Property N
Bulk dengty 2
0.1bar water content 61
15 bar water content 98
Clay (%) 110
Sit (%) 150

Sand (%) 53

Hydraulic conductivity 1,300




