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Ordinates Y of the Standard Normal Density
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Areas under the Standard Normal Density from 0 to z
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Gamma Function

Values of T'(n) = [}- e*z%"ldz; (n + 1) = nl'(n)
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E For large positive valuea of z, I‘(z) approximates the asymptotic series
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APPENDIX — V

Percentile Values (t,,,) for the t Distribution with v Degrees of Freedom (shaded area=a).
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APPENDIX — Vi

Percentile Values (X%;,,) for the Chi-Square Distribution with v Degrees of Freedom
(shaded area=a)
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APPENDIX — VII

CONDITIONAL PROBABILITY ADJUSTMENT

For situations where the record of annual peaks is truncated by the omission of peaks
below a gauge base, years with zero flow, and/or low outlier criterion, the conditional probability
is recommended to obtain the frequency curve. These procedure should only be used when not
over 259, of the total record has been truncated. A truncation level is defined as the minimum
discharge that will exclude peaks below the gauge base, zero flows and all low outliers.

The steps in the conditional probability adjustment are as follows :

“"_i
1. Calculate the estimated probability P that any annual peak will exceed the truncation level
by the formula

P = N/n (1)

in which N is the number of peaks above the truncation level and n is the total number of years
of record. If historical information has been included then the following equation should be used

rather than equation 1 :

H—WL )

H

L-—:':
P

where H is the historic record length, L the number of peaks truncated and W is the systematic
record weight as computed in Appendix-VII| equation 1.

2. Recompute the exceedance probabilities, P, for selected points, Pd, on the frequency curve
using

P = Praba (3)

This accounts for the omission of peaks below the truncation level.

3. The exceedance probabilities, P, computed by eqn. 3 are usually not those needed to compute
the synthetic sample statistics. Therefore, it is necessary to interpolate either graphically or
mathematically to obtain log discharge values for the 0.01, 0.10 and 0.50 exceedance probabilities,

4. Since the conditional probability adjusted frequency curve does not have known statistics:
synthetic ones will be computed. These synthetic statistics will be determined based on the values
for the three exceedance probabilities determined in step 3, using the following equations.




; log (Qqgr01/0-10)
S L R {ntor (4)
: 2:50 +3 log (O-u-]ﬂ:'ﬁr:’)ﬂ)

log (Qg.u1 / Qo-50)
Sl e s (5)
Kli-ul p=r"d Kn-nn

)—(—s = log (Qq.5) — Kos (Sy) (6)

where G;, L, and and X, are the synthetic logarithmic skew coefficients, standard deviation and
mean respectively; Qy.q;, Qq.;p and Q.5 are discharges with 0.01, 0.10 and 0.50 exceedance proba-
bilities respectively, and K., and K,.;, are Pearson type Il deviates for exceedance probabilities of
0.01, and 0,50 respectively and skew coefficient G,. Equation 4 is an approximation, appropriate
for use between skew values of -}-2.5 and —2.0.

5. The frequency curve developed from the synthetic statistics should be compared with the
observed annual peak discharges. The plotting position should be used based upon the total
number of years record, n or H as appropriate.

NOTE : The procedure described above for conditional probability adjustment is valid only for log
Pearson Type 1l distribution,




APPENDIX — VIII

COMPUTATION OF FREQUENCY CURVE FOR HISTORIC DATA AND
OUTLIERS (WRC PROCEDURE)

Elood informatien outside that in the systematic record can often be used to extend
the record of the largest events to a historic- period much longer than that of the systematic record.
In such a situation, the following analytical techniques are used to compute a historically adjusted
log-Pearson type lll frequency curve.

1. Historic knowledge is used to define the historically longer period of ‘H" years. The number
7' of events that are known to be the largest in the historically longer period ‘H" are given a
weight of 1.0. The remaining ‘N’ events from the systematic record are given a weight of
(H-Z)/N on the assumption that their distribution is representative of the (H-Z) remaining
years of the historically longer period.

2. The computations can be done directly by applying the weights to each individual year's data
using equations 1, 2a, 3a, and 4a. |f statistics have baen previously computed for the current
continuous record, they can be adjusted to give the equivalent historically adjusted values using
equations 1, 2b, 3b and 4b.

3. The historically adjusted frequency curve is sketched on logarithmic-probability paper through
points established by use ot equation 5- The individual flood events should also be plotted
for comparison. The historicajly adjusted plotting positions for the individual flood events
are computed by use of eq. 8, in which the historically adjusted order number of each event ‘m’

is computed from equations 6 and 7.

Wit g:EL ()
e MEHé$LE Xa (2a)
g2 — W= (le-riw—’—)\:VT_—E—f);:_M')g (3a)
s '(H#WL—(T_)-'Y:L—)WL-—'J) e oW £ O — MY S
it




_ W (N—1) §* + WN (M—M")? + 5 (X. —M")® (3b)

o5 (H—WL—1)
L (H—WL) W (N—1) (N—2) S3G )
ar (H—=WL—1) (H—WL—2) 53'[7*"_51—--- = +3W (N—1) (M—M') S
LWN (M—M")+3 (x:mM*)“] (4b)
= M’ + KS’ ®)
= E;when:1 < EZ (6)
= WE—(W—1) (Z+0.5) ; when : (Z+1) < E < (Z+N+L) (7)
m’ — a
by (8)

DEFINITION OF SYMBOLS

— event number when events are ranked in order from greatest magnitude to smallest

magnitude. The event number ‘E* will range from 1 to (Z-N).

= logarithmic magnitude of systematic peaks excluding a high outlier that has historic
information

= number of X's

= mean of X's

= historically adjusted mean

— historically adjusted order number of each event for use in formulas to compute the plotting
position on probability paper

= standard deviation of the X's

= historically adjusted standard deviation

— skew coefficient of the X's

— historically adjusted skew coefficient

— Pearson Type |1l coordinate expressed in number of standard deviations from the m2an for
a specified recurrence interval or percent chance.

= computed flood flow for a selected recurrence interval or percent chance

— plotting position in percent

= probability that any peak will exceed the truncation level

Number of historic peaks including high outliers that have historic information

= number of years in historic period

— number of low values to be excluded, such as number of zeros, number of incomplete
record years (below measurable base), and low outliers which have been identified,

= constant that is characteristic of a given plotting position formula. For Weibull formula
i 0,
= systematic record weight
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APPENDIX—IX
ADJUSTING FOR A HIGH OUTLIER

The adjustment of parameters in the presence of a high outlier has been explained through
the following example:

EXAMPLE
Check whether the following peak flood series (1935—73] contain any high outlier or not.

If high outlier is present then adjust the parameters (mean, standard deviation and coeff. of
skewness).

TABLE
ANNUAL PEAK DISCHARGE SERIES [1935-73]

Year Discharge Q Log;, Q Year Discharge Q Logy, Q
(Cumecs) i (Cumecs)
1935 1460 3.164 1955 2260 3.354
1936 4050 3.607 1956 318 2.502
1937 3570 3552 1957 1330 3.123
1938 2060 3:313 1958 970 2.986
1939 1300 3.114 1959 1920 3.283
1940 1390 3.143 1960 15100 4178
1941 1720 3.235 1961 2870 3.457
1942 6280 3.798 1962 20600 4313
1943 1360 31133 1963 3810 3.580
1944 7440 3.871 1964 726 2.860
1945 5320 325 1965 7500 38756
1946 1400 3.146 1966 7170 3.855
1947 3240 3.510 1967 2000 3.301
1948 2710 3.432 1968 829 2.918
1949 4520 3.655 1969 17300 4.238
1950 4840 3.684 1970 4740 3.675
1951 8320 3.920 1971 13400 AR
19562 13900 4143 1972 2940 3.468
1953 71500 4.854 1973 5660 3.752

1954 6250 3.795




Step 1—Compute the statistics. Log transformed annual peak discharges have the following

statistics

Mean Logarithm 3.5553
Standard Deviation of logs 0.4642
Skew Coefficient of logs 0,3566
Years 39

Step 2—Check for Outliers.

The station skew is between + 0.4; therefore, the tests for both high outliers and low
outliers are based on the systematic record statitics before any adjustments are made.
From Appendix X the KN for a sample size of 39 is 2.671,

The high outlier threshold XH is computed by
XH = X KNS
= 3.65653+42.671 (.4642) = 4.7952

H = antilog (4.7952) = 62400 cumecs

The 1953 value of 71500 exceeds this value. Information from local residents indidates that the
1953 event is known to be the largest event since 1892; therefore, this event will be treated as high
outlier. If such information was not available, comparisions with nearby stations might have been
desirable. The low-outlier threshold (XL) is computed by

XL =Y—KNS

= 3.66563—2.671 (.4642) = 2.3154

Q, = antilog [2.3154] = 207 cumecs

L
There are no values below this threshold value.
Step 3 - Recompute the statistics

The 1953 value is deleted and the statistics recomputed from the remaining systematic

record :

Mean Logarithm 3.5212
Standard Deviatien of logs 0.4177
Skew Coefficient of logs —0.0949
Years 38

Step 4—Use of historic data to modify statistics and plotting positions.

Application of the procedures in Appendix VIIlI allows ths computed statistics to be
adjusted by incorporation of the historic data.

(i) The historic period (H) is 1892-1973 or 82 years and the number of low values
excluded (L) is zero. -

(ii) The systematic period (N) is 1935-1973 {with 1953 deleted) or 38 years.

(iii) There is one event (Z) known to be the largest in 82 years.




4, Compute weighting factor (W) by eq. 1 (Appendix VIII)

H—Z

WesNes

821
= Seae 213158

Compute adjusted mean by equation 2b (Appendix VIII)

, _ WNM+X,
Mt H—WL

X =M= 35212
WNM = 285.2173

4.8543

2X: = 2500716

M’ = 290.0716/(82-0) = 3.5375

Compute adjusted standard deviation Equation 3b (Appendix VIII)

W (N—1) S2+WN (M—M’)24 (X.—M’)?
H—WL—1

S =
S = .4177

W (N—1) S2 = 13.7604
WN (M—M')? = 0.0215

1.7340

9 MY —

5 (X—M) 15,5159
155159

s e sheadlliahd e

o = 29 — 01916

g =l

Compute adjusted skew :
First compute adjusted skew on basis of record by Equation 4b (Appendix VIII)

H—WL W (N—1) (N—2) S°G ,
G = TH=WL=1) (H=WL=2) s‘a‘[ N WIS M=) S

© WN (M—M)?® + (X.—M')? ]
G — 0.0949

W (N—1) (N—2) S* G

N = — 5168




3W (N—1) (M—M’) S = — 6729

WN (M—M")3 = — 0004

, '\ 20538

2 el = 7.0932
H = ,1509

(H—WL—1) (H—-WL-=2) S*
G = .1509 (1.0932) = ,1650

So the adjusted mean, standard deviation and coefficient of skewness are 3.5375 0.4377
and 0.1650




The table below contains one sided 10 percent significance level K values for a normal

APPENDIX — X

OUTLIER TEST K VALUES

10 PERCENT SIGNIFICANCE LEVEL K VALUES

distribution. Tests conducted to select the outlier detection procedures used in this report indicate
these K values are applicable to log-Pearson Type Il distributions over the tested range of skew
values.
sampie 14 Saimple K Sample K Sample i
siZe = value size va lue 570 value size = value
10 2.036 15 P el 20 2.940 115 3.064
11 2.088 46 ¢.736 & Z.945 116 3.067
12 2.134 a7 2.744 8¢ 2.9449 117 3.070
13 2.175 48 253 383 <.95 118 3.073
14 PR L 49 2,760 84 2.657 1118 3015
15 i1 50 & 0l 35 2 Gt 120 3.078
{6 2.279 51 s ot 2. 966 i 2 3.G81
17 2.309 94 ST o ) He Shellidis
1% e.335 53 oo Ga Ay J2E el -
ic e 1) | 2 el 59 e 1o Sealtiey
20 ZaoED 5 2 .60 90 2. 50 185 2.092
i 2.403 15 o G s 120 LUl
2 oL il 2 S 1K e i ] Sl
23 J2.148 53 i 5 2oy 123 Jet60
2h e 59 Pt | St 2,405 125 e} (2
i) Z.4866 60 2LEST 5 3.050 130 3.104
26 2.50? 61 A 94 Sl 0103 il 3. 107
2k 2.514 62 2.849 97 3500y 3¢ 3.109
26 2.534 63 Z.8549 95 018 138 L
2y 2.549 04 Z.200 94 3.014 134 Sl
30 2.563 65 2.860 10¢ 3.0017 135 3.116
31 22571 66 2.871 101 .02 138 e
32 2591 67 2B 107 3.024 137 Sl U
33 2.604 63 2.883 103 3.027 136 3.124
34 2.616 69 2.88 104 3.030 139 3.120
35 2.628 70 2.805 105 21039 140 3.129
36 2:639 71 2.897 106 34037 141 3.131
37 2.650 72 2.993 107 2.040 142 31338
33 2.661 73 2,908 108 3.043 143 34135
39 2.671 74 2.912 109 3.046 144 3.136
40 2.682 15 2.917 110 3.049 145 3.140
4] 2.692 76 25.92¢ 111 3562 146 3.142
42 2.700 7l 2.927 112 8.055 147 3.144
43 2710 78 2.931 113 3.058 148 3.146
44 2.719 79 24935 114 3.0061 149 3.148




APPENDIX — XI

Flow Diagram For Historic and Outlier Adjustment
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