Appendix 3
TABLES OF K VALUES

The following tab'le1 contains K values for use in equation (1), for

skew coefficients, G, from 0 to 9.0 and 0 to -9.0 and exceedance proba-
bilities, P, from 0.9999 to 0.0001.

Approximate values of K can be obtained from the following trans-
formation (26) when skew coefficients are between 1.0 and -1.0:

=2 N R -
.K—G I:[(Kn 6) 6-l-l] l:l (3-1)
where K 1is the standard normal deviate and G is the skew coefficient.

Because of the limitations (27) involved in use of this and other trans-
forms, use of the table is preferred.

]This table was computed by Dr. H. Leon Harter and published in
Technometrics, Vol. 11, No. 1, Feb. 1969, pp. 177-187, and Vol. 13, No.
1, Feb. 1971, pp. 203-204, "A New Table of Percentage Points of the
Pearson Type III Distribution" and "More Percentage Points of the
Pearson Distribution," respectively. These publications describe
values only for positive coefficient of skew. Values for negative
coefficient of skew were obtained by inverting the positive table and

changing signs. The latter work was performed by the Central Technical
Unit, SCS, Hyattsville, Md.
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p

09999
0.9995
0.9990
0.9980
0.9950
0.9900
0.9800
0.9750
09600
09500
0.9000
0.8000
0.7000
05000
D.5704
D.5000
04296
De4000C
0.3000
0.2000
0.1000
0.0500
D.0400
0.0250
0.0200
G.0100
0.0050
0.0020
0«0010
0.0005
0.0001

G =0.0

=3.71907
-E;EQGSR
=3.09023
=7«8T7816
=2.575R%
=2.32635
=2.05375
=] .9599&
=1.75069
-l 64485
=1.2815%
-0.841627
=0.52440
=0.25335
=0a17733
0.0
N17733
M. 25335
052440
D.R41RZ
128155
164485
1.75069
1.095%%94A
2+05375
2:32635
2457583
ZeBRTRIA
309023
329053
3.71902

G =0.1

—3.5&?03
=3.12767
_Elg483¢
=2+75706
-2.48187
=2.25258
-1.99973
-1.91219
—I.TIEBﬁ
—1l.61594
=1.2P7037
-0.34ﬁ11
-0.53624
'ﬂiEﬁSEE
=0.19339
-0.01662
0.16111
De 23763
D.51207
D.83639
1.29178
1.67273
1.TB462
2.00638
2e 10637
e 394961
2« hBI65
299978
Jer332z
3.45513
3493453

G =0.2

=3.2992721
-2.96698
=2. 8078k
=2.63672
-2.387095
=2.,1T7840
=1.94499
=1.R63AR0
=1.67999
-1.58607
-1.25824
-0.H84986
-0.54757
‘ﬂt284ﬂ3
_UIEUQES
-0.03325
D22168
0.4%927
0.B3044
1.30105
1.69971
1.81756
2« 0525940
£es15935

ZekT226 °

76321
3.12159
Ja3TTO3
J.62113
4.15301

G =0.3

=3.0963]
-2.80889
-2.66915
“2-51?#1
=2.20421
*2-1”394
-1;33959
-1.81427
'1-&&329
=-1.535527
'—DIB‘SEBS
-0.55839
-0.29887
-0.22492
=-0.04993
0.12820
0+20552
0.48600
0.82377
1430936
1.72562
1.84949
2093795
2.21081
ceD4421]
2+85536
3.24371
3.52139
3.78820
4437394

G =0.+4

=-2.89907
-2.65390
=2.53261]
-2.39947
-2.20092
-2.02933
=1.8336]
=1.T6427
=1.60574%
=1.52357
'1-2311ﬁ
-U-SESUB
-0.56867
‘ﬂo313ﬁ2
=0.24037
-0.06651
0.11154
U«189186
0.47228
D.81638
1.31671
1.75048
1.88039
2sl4202
226133
2«61539
294900
3.36566
J«56608
3.95605
4.59687

G =0.5

=-2.TDB36
-2+50257
-E-S?EBT
-2.28311
=2.10825
~1.95472
=1.T7716
=-1.T1366
'1-5&?4“
=1.4%9101
-1.21618
=0 .85653
-0.57840
-0.32796
-0.25558
-0.08302
0.09478
Ue1T7E51
0.45812
0.80829
le32309
1.7T7428
1.91022
2218505
2+31084
2«68572
3.04102
3.4B737
381090
4.12443
4.82141

G =046

=-2.52507
-2+ 35549
=2.26780
-2.16884
=~2.01644
~1.88029
=1,72033
=-1.66253
~1.52830
=l.45762
-1.20028
-0.85718
=0+58757
-0+34198
=0.27047
-D.ﬂ?945
D.07791
Del5589
Da44352
079950
132850
1.79701
1.93896
cs2eTle
2435931
2+ 75514
3.13232
3.60872
395567
4,29311
5.04718
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0.9999
0.9995
0.9950
09980
09950
0.9900
0.9800
09750
D«9600
0.9500
0.9000

0.8000

D.7000

0.6000

0D.5704
05000

0+4296
0.4000
03000

0.2000
0.1000

0.0500
0.,0400
0.0250
0.0200
0.0100
0.0050
0.0020
0.0010
0.0005
0.0001

B =0.7

-2l35U15
=2.21328
=7.14053
=2.05701
=].92580
-1.80621
=1.66325
'liﬁlqu
=]1.4RR52
=1.42345
=-1.18347
=0.,85703
=0.59615
=l . 35565
-N.2851K
=0.1157R
N. 06087
N.13901
De42451
ND.79007
1.33294
1.81RA4
1.96660
2+26T790
2e406T0
?.B2359
l.222481
2.T72957
4.,10022
4f.46]180
5.27389

G =0.8

=-2.18444
=2.07661
*E.HITEQ
-1.94806
=1.R3660
=1.73271
~l.60604
=1.559]14
~ls44R13
=1.3Ra55
=1.16574
-0.85607
0. 60417
=0.36B83
=0.29951
=0.13199
0.04397
0.12199
Oe41309
0. TT7986
1.33640
I.H391l6
1.9v311
2230Tb4
Pef5298
229101
J.31243
3.84981
GeP643%
#. 63057
5.50124

G =0.9

_2102891
_119#511
=1 .R9RG4
-1.84244
=1.74919
-1.66001
'115456&
-1.50712
-1.40720
-1.35299
=1.14712
=D.85426
'ﬂqﬁlliﬁ
=0.3R18A
-0.31368
=0. 14807
0.02693
N.10486
Je39729
N T6902
1.33889
1. .45R56A
201848
£e34623
Pa49811
2+95T35
3.40109
3.96932
4.38BR07
4.79859
5.72899

G =1,0

-1.88410
-1.82241
-1.TR572
~1l.74062
=-1.66390
-1.58R38
~-1.49188
“1.#55“?
~1.36584
=-1.31684
-1.12762
'DlﬂElﬁl
-0.61815
=N.39434
-ﬂ-3ET¢ﬂ
-0.16397
N.00987
0.08753
0e38111
075752
1.34039
1.87683
2«04269
2+ 38364
2+54206
3.02256
3:488T74
4.08802
4.53112
45.96T0L
5.956A9]

G =l.1

-1.75053
-1.70603
=-1.ATARA25
=1.64305
=-1.58110
-1.51808
-1.43529
'1-4“314
-1.32414
-1.28019
=-1.10726
-0.84809
~0abB2415
-ﬂ-#DﬁBH
-034075
-0.17968
=-0.00719
0.07032
0.36458
0.74537
1.34092
1.89395
2.06573
2a%198%
2+58480
3.08660
3.57530
4.,20582
4.67344
5.13449
6.18480

G =1.2

-1.62838
=1.59738
=-1.57695
=1.55016
-1.50114
~1+44942
-IIEqug
-1+35153
*E-EHEES
=1.24313
-1.08608
-0.84369
062944
*ﬂ;#]??ﬁ
=0.35370
=0.1951T7
=0.02421

0.05297

034772

0.73257
le34047

1.90992
2.08758
245482
2.62631
3.14944
3.66073
4432263
4.81492
5.30130
6.41249

G =1.3

~1.51752
~1.49673
=-1.48216
-l.46232
=1e%2439
-1.38267
-1.32412
=1.30042
~1.24028
=-1.20578
-1l.066413
-0.8384]1
-0.63400
=0N.42899
-0.36620
=0.21040
=-0.04116
0.03560
0e3305%
0.71915
1.33904
1.92472
2.10823
2+48855
2.6665T7
3.21103
3aT&49T
4.43839
4,95549
5.46T735
6.63980
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0.9999
0.9995
09990
0.9980
0.9950
0.9900
0.9800
0.9750
0.9600
0.9500
09000
0.8000
0.7000
0.6000
05704
G.5000
0.4296
0.4000
0.3000
0.2000
0.1000
0.0500
0=0400
0.0250
0.0200
0.0100
0.0050
0.0020
0.0010
0.0005
00001

G =1.4

-1.41753
=1.40413
=1.39408
=1.37981
=1.35114
=-1.31415
—1.25“99
=1.25004
=l.19842
-1.16827
=le04144
-0.83223
=0.63T779
-0.43949
-0.37824
=0.22535
-0.05803
0.01824
0.31307
0.70512
1.33665
1.93836
2e12768
2.52102
2« 70556
3.2T134
3.82798
4455304
5. 09505
5.63252
686661

G =1.5

=-1.32774
_1I31944
=1.31275
'1-3“2?9
=1.28167
-1.25611
=1.21716
=-1.20059
=1.15682
-1.13075
-1.01810
=0.82516
-0.64080
=0.44942
-0.38977
-ﬂi?39Q6
-0.07476
0.00092
0.29235
0.69050
1.33330
1.95083
2.14591
2455222
2+74325
32.33035
3.90973
4.66651
5.723353
5.79673
Ta032TT

G =l.6

=1l.24728
=1.24235
=-1.23805
“1*23132
-1.21618
=-1.15680
=1.16584
=-1.15229
=-1.11566
-1.09338
-0.99418
-0.81720
-0.64300
=0.45R73
0440075
~0.25422
-0.09132
=0.01631
D.27740
D.6T7532
1.32900
196213
Se16293
2.58214
2.77964
3.3°2804
3.99016
4.77875
5.37087
5.95990
T«31818

G =1.7

-1.17520
=1+17240
~1.16974
=1+16534
-11154?T
-1.14042
=1.11A28
=-1.10537
=1.,07513
=1.05631
-0.96977
~-0.80837
~0.64436
-De46739
-0e41116
-0.26808
*ﬂilﬂ?ﬁ?
=0.03344

0.25925

0.65959

132376

1.97227

217873

2+61076

2«Bl4T2

3.44438
4406926

488971
5250701

6412196
TaS54E27E

G =l.8

-1.11054
-1.10901
'1-1“?#3
'1.1&465
'1-0??49
-11GET11
=1.06R64
-1.06001
=-1.03543
-1.01973
*0.94#96
*D-TQB&B
-ﬂ.ﬁ##BE
'0147533
—D.42005
-0.28150
-0.12381
=0.05040
0.24094
0.64335
1.31760
1.98124%
2.193232
2.63810
2«84848
3.490935
4414700
4499937
564190
6.28285
TaTHO3E

G =l.9

=-1.05239
-1.0515%9
=1.05068
-1.04898
=1.0&427
=].03649Y5
=1.02311
=1.01640
=0.99672
=0.98381
=0.91988
-0.7BBLA
'ﬂaﬁ4453
-0.48265
-0.43008
=0.29443
=-0.13904
-0.06T718
0.22250
D.62662
1.31054
1.98906
2.206T0D
2abbél3
2.88091
3.55295
4.22336
S.10768
5.77549
be44251
T«98888

G =240

-G-QQQQH
=0.99950
=0.99900
=-0.99800
=0+99499
=« 98995
=-0.97980
=0.9T7468
-0.95918
=0.94871
-0.89464
=0.77686
=-0.64333
~0.48917
-0.43854
~0.30685
=-0.15516
-0.08371
020397
0.60944%
1.3025%
1.99573
2.21888
2.68888
2.91202
3.60517
4,29832
521461
5.90776
6.60090
B.21034%
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p

0.9999
0.%995
0.9990
0.9980
3.9950
0.9900
0«3600
09750
1.9600
19500
0.9000
0+8000
0.7000
0.6000
D.5TO%
0.5000
0.4296
0.4000
0.3000
0.2000
01000
0.0500
00400
J.0250
0.0200
0.01060
0.05050
0.0020
00010
0.0005
0.0001

G =2.1

*049523£
-0.95215
-0.9518A
=-D«95131
=0.945945
-0.94607T
=-0.938T78
-0.93495
-D-QEEQE
=0:31458
-N«8693R
-0.76482
-la.64125
=0.49494
=N 44062H
-0.31872
=-0s17030
=0.09997
0418540
N.59183
129377
2.0012A
222986
2.T1234
2:94181
3.65600
4&.3T184
5.32014
603865
E.T5798
B.43064

G =2.2

=0.90908
=-0.90899
‘01?0535
=-0.90854%
-0.90742
'ﬂ-9D521
—0.90009
-0.R9728
*ﬂ|53514
-0.88156
-0.84422
=0.75211
-0.63833
=0,4999]
=l .45329
=0.32999
'“r]BSﬁ#
=0.11590
0.16682
0.57383
l.284]12
2.00570
2.23967
2.T3451
2.97028
3.TU543
4.44398
6.16816
£.91370
B.64971

G =2.3

-0.86956
-0 ,86052
-0.856945
-0.869£9
-0 .ABRG3
-0.86723
=0.86371
-0.86169
=0 54976
-0.81929
-0.73880
-0 .63456
-0.50409
=0+45953
-0.34063
-0.19933
=D.13148
0.142B27
0.55549
1:27365
2«00203
2+24831
2.T5541
2499744
375347
4.514667
5.52694
6429626
T«06A04
B8.,86753

G =244

*5133331
-5033323
=0.83320
-0.83283
~-0.83196
=0 «B2959
-0.82817
=482315
-0s81927
-0.T472
-0.72455
-0.53999
-ﬂ.50?ﬁ4
=D 46599
-0.35062
-9021313
=0.145665
0.12979
0.53683
1.26240
2.01128
225581
2.T7506
3.02330
3.80013
4.58393
5.62818
6.42292

T.22098
9.08403

6 =2.5

~0.80000
-0.79299
=0,79998
=0 19994
=0.79973
-0.79921
=0 TITES
~-0.79667
-0.79306
~0s7T9015
“0.77062
=0. 71067
-QUEE#ﬁB
=0.50999
=0 .469560
-0.35992
-ﬂ-EEﬁﬁE
-0.16138
011143
D.5178%
1.25035%
201247
2e26217
2«79345
3.04787
3.84540
4.651T76
5. 712796
haS4810
T«37250
3.29920

G =2.6

*B-Tb?EB
-G-T&QES
=D. 76922
=~0.TB920
=-0.76909
-0.76878
~0aTOTTI
=0.76712
-0 764556
=NsT76242
=0.74709
-0.69602
~0.61854
-ﬂtﬁll?l
=De& 7353
-0.36852
-0.23915
=0.17564
D.09323
D.49872
1.23766
2.01263
226743
2.81062
3.07116
3.88930
L. TIARIS
5.82629
5.6T7191
T«52258
9.51301

G =2.7

-0.74074
~0.T4074
~0.740T74
=0, 74073
=0.T4067
~0.74049
_ﬂ173957
-0aT73943
=0.T3765
~0as73010
~DeT2422
-0.68111
=0.61176
-0.51263
=Uea (660
=0.37640
~0.25129
=0.18939
0.07523
D.47934
1.22422
2.01177
227160
2.82658
3.09320
3.93183
4&.TR31Z
5.92316
6. 79421
T«67121
9.72543
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P

0.9999
D.9995
09990
0.99R80
D.9950
09500
0.9800
0.9750
02600
0.9500
0.9000
0.8000
0.7000
0.6000
0D.5704
0.5000
Ue%296
0.4000
0.3000
0.2000
D.1000
0.0500
D.0400
0.0250
00200
0.0100
0.0050
O.0020
0.0010
0.0005
00001

G =2.A8

=0.T1420
~NaT142%9
=NaTlagfR
=N.T1424
=0.T1425
-DaT1l415
-ﬂ-?13TT
=N.T134R
-0.71227
-ﬂ.?ll]ﬁ
=-N.70209
=-0.66603
=0 60434
"U-BiET&
=-0N.4TQARR
-0,38353
-H.EGEEE
=0.,2025%9
0.0574¢F
N.45580
1.21013
2.00992
2.2T4TH
caAG]34
Fall3gy
3.97301
4.84669
S« 01858
f«91505
T.81339
FeP3643

£ =Eag

= .68364K
=0 ,/8966
=0.ARE965
=0 .&R9AS
-ﬂ-ﬁ&gﬁﬂ
=-0.68959
-0, RBY3S
-0.68917
-0« 68835
= /hRTES
=-D.ABOTS
=0.65086
=0.,59634
-0.51212
=-0.48037
-0,.38991]
= 27372
-0.71523
D.N3997
D.44015
1.19539
2+00710
P.2T6TE
2485492
3« 13356
4490884
BallE254
I ELL X
T.96411
1014602

G =3.0

=0.66667T
'Hlﬁﬁﬁﬁ?
=l 66067
=0 .6666T
-l.66666
~0.66A63
=0.66643
-0.66638
=0+ 66585
=0 .66532
-HQ&&E23
=0.63569
=-01.58783
=-0.51073
-0.48109
-0.39554
=0 28395
-0.22726
D.02279
Das 2040
1.13006
£«00335
2+2TTBD
2486735
dalBl23
4.,05134
4496959
620505
Tel5235
Ba10836
1035418

G =3.1

-0.64516
=-0.64516
-0.64516
=N.6451H
=0.64516
=0.64514
'n'ﬁ#SDT
-ﬂ-ﬁ&EDE
~DaG4ats
=0eB4429
=0a64056
=-0.62060
'U.GTBE?
~0.50863
-0.48107
—ﬂ-4uu#1
-0.29351
-0.23868
N.00596
Da40051
lal6416
1.9986Y
2« 27785
2«BTRES
3.16911
4.08859
502897
Be29613
T.26881
R.25115
1056030

G =3.2

-0.62500
-0.52500
=0.62500
=0.62500
=0.62500
=D.62499
_u152$95
-0.62491
0624609
=0ub2445
=0.62175
=0.60567
=0.56953
-0 50585
~0.48033
—D-#ﬂ#ﬁ&
=0.30238
=0e24946
-0.01050
D.3808]
1.14772
1.99314
2.27693
2«RALBBS
3.1851c2
4412457
5.08697
Ge385TH
T.38382
8.39248
10.76618

G =3.3

-0.606056
'ﬂlﬁﬂﬁﬂﬁ
=-0.60605
*ﬂ¢6ﬂﬁﬂﬁ
-ﬂ-ﬁﬂﬁﬂﬁ
-0.60606
=-0e60603
=0.60601
-0.60587
-0.60572
-0.60379
=0 .59096
=0.55989
=D.50244
-0.4T7890
-De407932
-ﬁ131055
-G.EEQEH
'ﬂ-ﬂEﬁE#
ﬂ-3blﬂ&
1.13078
l.G86T4
2.27506
289795
Ja20000
4415917
5.14362
G T401
T«4973%
8.,53236
10.27001

G =3.4

=0.588B24
-0.58824
—D.E&ﬂE#
-0.5R8724
-t.58824%
=0.58823
—0158322
=-0.58821
-0.58812
-0.58802
-0.58666
-GJSTﬁSE
=0,55000
=0.49844
=0.47682
-D.41058
-0.31802
=0.26904
—0-04215
0.34133
1.11337
1.97951
2.27229
2.90599
3.21375
4.19257
5.19892
G.56084
T.60953
B.67079
11.17239%9
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=]

0.9999
0+9995
09930
0«9980
0+9950
09900
09800
0.9750
0.9600
0.9500
0.9000
0.8000
0.7000
0.6000
0.57T04
0.5000
04296
04000
03000
0.Z2000
D.1000
00500
00400
00250
0.0200
0.0100
J«0050
Je 0020
00010
0.0005
00001

G =3.5

=0.57143
‘n-5?1ﬁ3
-Ns5T143
“ﬂ-5?143
-ﬂ-5?1¢3
-n-5?1¢3
=0.57147
057141
=0.57136
=0.57130
-0.57035
=0.56247
=0.53993
-0.459391
~0.4T7413
-0.41253
-De 32479
=N.2TTHZ
-0.05730
N.32171
1.09552
T.971&7
2+261862
2+91299
3a2E2H41
4.224T3
525291
BEaBAR2T
TaT2024
ReBO0TT
11.37334

G =3.6

-0.55558
=0+5555¢6
=0.55556
=0.55556
_ﬂlESBSﬁ
-0 +55556
=0.55555
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0.08371
0.15516
0.30685
D. 43854
0.48917
0.64333
0.T7TEBG
0.89464
094871
0.95918
0.97468
D.97980
0.98995
099499
099800
0.99900
0.99950
0994990



gL-E

p

0.9999
0.9995
0.9990
0.9980
09950
09900
0.9800
09750
0.9600
0.9500
0.9000
0.8000
0.7000
0.6000
0.5704
0.5000
D«%296
0.4000
0.3000
02000
0.1000
0.0500
0.0400
0.0250

=~ De0200

0.0100
0.0050
0.0020
0.0010
0.0005
0.0001

G ==2.1

=A.43064
~Hhe 715794
=-6+03865
-5.32014
-4.37186
=3.65600
=-7.94181
-2«7T1234
'?-EEQBE
=2.00128
=1429377
=0.59183
-U¢135#ﬂ
009997
017030
0.31872
DeaZA
D 49494
D.64125
DaTE&B2
0.B693R
Na91458
0.92295
093495
093878
0.94607
094945
0.95131
D.95188
095215
N.495234

3 =-212

-4.84971
~6.91370
-6.16816
-5.4242b
~4.44398
=3.TUS543
=-2.97028
=2.73451
*E-EEQ&T
=2. 00570
=-]l.70412
=0.57383
=0.165682
Us1l1590
l.18504
0.32999
Jed4=5329
0.45991
D.A3833
Na75211
0.34422
088155
0,88814
89728
0«20009
0.90521
0.90742
0.90854
0.90885
90399
t.9u908

G =-E|3

-d.267Th3
~7.06804
-ﬁtEQﬁaﬁ
~5.52694%
~44.514067
=3.75347
~2+99T44
'2-?5541
-2+24831
=2.,00903
=1.273065
-0.55549
=0.14827
Val3l48
0.19933
0.34063
045953
050409
l.03456
0.73830
D.71929
084975
0.55486
0.86169
086371
0.86T723
0.86863
0.56929
0.86945
DeHB95e
J.56956

=Q.08403
-7.22098
-6s42292
-5.62818
‘4-5&3?3
=3.80013
-3.,02330
=2.77506
-2.25581
=2.01128
=1.26240
-0.53683
=D.12979
UDeléB65
0.21313
0.35062
0456499
0.50744
0.62999%
0.72495
D.T9472
081927
0.82315
0.82817
0.82959
0.83196
D.B32683
0.83320
0.83328
0«83331
0.83333

G ==2.5

-8,28520
-7.37250
-6:+54814%
‘Ei?ETgﬁ
-4 4,65176
-3+845440
=3,04787
-2+79345
~2.26217
-2.01247
-1.25039
=0.11143
U.16138
0.22642
0.,35992
0:%5696005
0.50999
0.62463
0.71067
L.77062
O 72015
0.79306
0.79667
0.7T2TES
0.79921
0.79973
0,.79994
0.79998
O0«T9999
0.80000

G ==2.6

=9,51301
-T.52258
=6.67191
-5132&29
-4.71815
—3.88330
“3-0?11&
-2.81062
-EQEET43
=2.01263
=1.23766
-0.49872
'HQEQBEB
0+17564%
0.23915
0.36852
047353
0.51171
0.61854
0+69602
0.74709
DaTo24L
D«T6456
D«T76T1E
0.TETTS
D.76878
0.76909
0. 76920
0.76922
O«TGI23
0.T76923

El=_2;?

-5,T2543
=T.67121
-6.T9421
=5.92316
4478313
-3.93183
=3.09320
=-2.82658
=2.01177
=l.22422
=0.47934
=0,07523
0.18939
0.25129
0.37640
OD.4TaGE0
0.51263
0.61176
D.68111
D.T2422
0« 7T3010
073765
0«73943
0.73987
D.74049
074067
N.74073
0.T4074
QaT&40Ta
074074



6L-E

p

09999
0.9995
0.99%90
0.9980
0.9950
09900
09800
0.9750
0.9600
0.9500
0.9000
0.8000
0.7000
0.6000
05704
0.5000
0.4296
04000
0.3000
0.2000
0.1000
0.0500
00400
0.0250
0.0200
0.0100
0.0050
0.0020
0.0010
0.0005
0.0001

r ==2_4
-9,93643
-T-Elﬂag
-6.91505
~-h:0185A
-4 .8B4665
=3.97301
-3.11399
-2=54]134
=2 2T4T70
-7.00992
=-1.21013
=Na45980
-0.05746

N.20250

Da26282

038353

N«47TBARR

N.51276

0.60434

0.66603

n.7T02049

0.71116

0.7T1227

N.71348

0.71377

0.7T1l415

0.71425

D.T1428

D.TLl42R

D.T1429

NaT1429

R ==2.9

=10a.14602

‘T-Qﬁﬁll
=~T.03443
-He11254
-4.90884
‘&GHIEHB
=-3.13356
-2+895492
=2.276TH
-2.00710
-1.19539
~0.44015
~N.03997
0.21523
0.273T2
N,3899]1
0.48037
0.51212
0.59634
0.55086
0.&8075
0.68759
i, 68838
0.68917
0.6A8935
D« /58959
0.68964
0.58965
0.58965
0. /RA966
0,68966

F ==3.0

=llea35418

-8.10836
-T115235
-6.20506
-4 490959
-#-ﬂﬁlaﬂ
-3-151*3
-2.86735
~2«27780
=-2.00335
~1.18006
=0.42040
-D.DEETB
0.22726
0.28395
0.39554
0.48109
0.51073
0.58783
0.63569
0.66023
0.66532
U.566545
0.66538
0.66649
D.66663
D. 66656
066667
0.66667
0.66667
0.66667

G =-3-1

=10.560%90

-8.25115
~T.26881
=6.29613
-5.02897
-4.08859
=3.16911
-2+87T8B6S
=2+27785
-1.99869
=l.16416
-0.40061
-0.00596
0.238638
0.29351
0.40041
0.48107
0.50863
0.57TB87
0.62060
0.64056
0.64429
U«54465
0.64500
0.64507
D.64514
0.64516
D.645]16
0.64516
0.64516
D«64516

G =-3,2

=10.76618

-B8.39248
-T.38382
-&-35575
-5.08697
-#-12#52
-3.18512
-2.88884
~2.27693
-1.99314
-1.14772
-0.38081
0.01050
0.24946
0.30238
0:4045%
0.48033
0.50585
0.56953
0.60567
0.62175
0.62445
0.624869
0.62491
D.62495
0.62499
0.62500
0.62500
D.&62500
0.62500
0.62500

G f-3-3

=10.97001
-8.53236

-T.49739
=6.47401
-5.14362
-4,15917
=3:20000
=2.89795
=2.27506
=1.98674
=1.13078
-ﬂ-3ﬁlﬂ+
D.02654
0.25958
0.31055
0.40792
0.4T7890
0.50244
0.55989
0.59096
0.60379
0.60572
D.60587
0.60601
0.60603
D.60606
0.60606
0.60606
0.60606
0.60606
0.60606

Gl=-3:4%

=11.17239

-B.67079
=7.60953
=6.56084
-5.19892
-#.IQEET
=3+21375
=-2.90599
-EQETEEQ
=1.97951
=-1411337
=-0.34133
0.04215
0.26904
0.31802
0.41058
D.47682
049844
0.55000
D.5T652
0.58666
0.58812
D.58821
0.58822
0.58823
0.58824
0.58824
0.58824
0.58824%
0.58824



02-€

P

0.9999
09995
09990
0.9980
0D.9950
0.9900
0.9800
0.9750
09600
0«9500
DS000
0.8000
07000
D.6000
05704
0.5000
Deb296
04000
D.3000

0.2000
01000

0.0500
0.0400
0.0250
0.0200
0.0100
0.0050
0.0020
0.0010
0.0005
0.0001

G ==%,5

-11.37334

-B.,B0779
=T«72024
-6 64K2T
-5+252%1
-4,22473
-3.22641
-2.91299
=Ze+cBB6E
=1.97147
=1.08557
=0.32171
0.05730
D.27782
1:,32479
N.41253
Ne&T413
049391
N.53943

N.56242
0.57035

0.57130
0.57T136
0.57141
0.57142
0.57143
N.5T7143
0.57T143
0.57143
N.57143
D.57143

G ==3.6

-11.,57284

-B.94335
=-T«RE2I54
-ﬁ.?EDBE
-5.30559
=4 25569'
"3|23500
"Eiql 598
=2.726409
=1l.56266
=1.07726
=-0.30223
0,07T195
0.28592
0,33085
0,41381
0.47088
9.,4888R
0.82975
0,54867
Da59483
0455548
0.55552
0.55555
0.55555
0.55556
0.55556
0.55556
0.55556
0.55556
0.55556

=11.77092

=-9,07750
=T«33T44
-6.81301
-5.35693
-4 ,28545
=3.24853
_E |QE3‘;T
-2.25872
=1+95311
-1.05R63
=0.28290
008610
0.29335
0.33623
D.41442
D.46711
Ne48342
n.519s52

0.53533
DaS4006G

0.54050
0.54052
D.54054
0.54054
Ueb4054
N.54054
0.54054
0.54054
0.54054
054094

G ==3,8

=11.96757

-9,21023
-8.,04395
-6+89435
=5+40711
~4+31403
-3.25803
-2.92799
-2.25254%
-1.,94283
=1.03965
-0.26376
009972
0.30010
0.34092
Dedléal
0.46286
047758
0.50929

052240
Ds>260U

0«52629
052630
0.52631
052631
O.52632
N.52632
0.52632
D+52632
N.52632
052632

==3,9

-12.16280

=9,34158
-8.14910
'ﬁ09?435
-5:45598
-44,34147
'3-25553
-2.24558
-1.93186
=1.02036
~0.24684
0.11279
0.30617
0.34494
D.4138]
0.45819
0.47141
0.40011
0.50990
0s51&261
0.51281
0.51281
0.51282
D.51282
D«512B2
D.51282
D«51282
D«51E282
D.51282
0.51282

G ="'II-.I1

-1E|356ﬁ3

=9,47154
'Bi25239
-TI 0530#
-EHSDBﬁE
-4036TT?
—3-2’74l]4
=2.93324
'2-23?35
=1.00079
-ﬁ-EEEI?
0.12530
0.3115%
0.34831
D.41265
0.45314
0.46496
0.48902

D.49T784
D+ 42286

0.49999
0.50000
0.50000
0.50000
0.50000
0.50000
0.50000
0.50000
0.50000
050000

G ==4,1

=12.54906

-9,.,60013
-8.35534
-T7«13043
-5.55005
-4 439296
=3.28060
=2+93450
-2.22940
-1.90796
=0.98096
-ﬂ.ZDTT?
0.,13725
D.31635
0.35105
D.41097
D.44777
0.45828
D.4T306

0.48622
0=48772

D.48780
D.4B8780
0.48780
0.48780
0.48780
0.48780
0.487890
0.48780
0.4B780
D.48780



12-€

0.%¢949
0.9995
0.9990
0.9980
0.9950
09500
0.9800
0.9750
09600
D.9500
0.9000
0.B000
0.7000
D«6000
0.5T04
05000
04296
04000
03000
0.2000
0.1000
0.0500
0.0500
0.0250
00200
0.0100
0.0050
00020
0.0010
0.0005
0.0001

~12.74010

=G, 72737
-3-45&‘&
=T.20654
-5.5952R
~4e41706
~3.28622
=72+93489
~2+22024
-1.89508
=0.96090
-ﬂilagé?
0.14861
0.32045
0.35318
D.403881
Nad42]l2
0.45142
0.46927
0.47T504
De4THL4
D+4T7619
D.47619
0.4T7619
D:4T619
0.47619
0.47619
ODs4T7615
0.47619
0.47619
0.4T619

E =-4I3

=12.92977

'91“5326
-8.55627
-T.2B13A
-5.63934
-4 ,44009
=3.29092
=2+93443
-2«21039
=1.88160
=0.94064
-f.17189
0.,15939
032400
0.35473
D.40621
0+43623
Debbda?
0.45967
Oeé6428
D«46508
D.46511
D.46512
D.46512
DeatS]1Z
D.46512
0.46512
O«46512
0.46512
D.465]12
B.46512

'E‘ ="‘4§1F

-gigT?54
~B.60479
=7.35497
_EIEBEE#
4. 46207
=3.29473
-2.9331%
—E£+19988
-1.886757
~0.92022
=0.15445
0.16958
0.32693
0.35572
0.40321
O+43016
0.43734
0.45029
0+45395
0+45452
D.45454
0.45455
0.45455
Ued5455
0.45455
D.45455
0445455
0.45455
0.45455
Ds45455

6 =—4,5

-13.30504
-10.,10110

-8,75202
-T.42733
—5.72&0&
"4-4&3ﬂ3
=3.29767
=-2+93105
=2« 18874
-1.85300
=0+ 89964
-0.13737
0175158
D«32928
0.:35A19
0.393R85
Desz2395%
043020
D.44114
Os44402
Dadédbésdd
Deddbgd
0obhbhth
D.b4444s4
Ned4444
Detopbtety
0e4bbbs
Dedbdd4%
044444
Detébéd
Dabdbils

B ==4.6

~13.492066
=10.,22307

-E-B#Eﬂﬂ
=T.49847
-5.T6464
~4450297
~3.729976
-EQQEBIE
-2+17699
=1.83792
-0.87895
‘D-IEQET
0.18819
0.33108
0.35616
0.39617
DadlT61
D.42304
0.43223
NDa43448
Da434TT
D.43478
0.43478H
D.43478
De43478
D.43478
0.43478
0e43478
0.43478
D.434T78
Da43478

G ==4.7

-13.67495
=10.34375

-Be94273
-T.56842
-5.80418
-452192
-3.30103
~2+92455
-Z2s16465
'ltﬂEEE#
=0.85817
-D=10436
0.19661
De33236
0a.35567
l.39221
Desll2l
D.41590
0.42357
Q%2532
042553
0.42553
042553
0.42553
0e42553
D.42553
042553
042553
0.42553
0.42553
042553

G ==4,.,8

-13.85794
~10.46318

=-3,03623
-7T.63718
=5.84265
=-4+53990
=3.30149
=-2:92017
-2151T7%
=l.80631
=-0.83731
-0-08847
0.20446
033315
0.35475
0.38800
0ea04TT
0.40880
0.,41517
Oe41652
0.41666
D.4166T
D.41667
041667
GaélB6T
0.41667
0.41667
DedlaeT
0.41667
0.41667
DabhlE6T



22-t

0.9999
0.99495
0-9990
09980
0.9950
0.9900
0.9800
09750
09500
09500
0.9000
0.8000
0.7000
0.6000
05704
05000
04296
04000
03000

0.2000
0.1000

0.0500
0.0400
0.0250
0.0200

“0«0100

0.0050
0.0020
0-0010
0.0005
00001

G =—a, 9

-14.03963
-10.581135

-9.12852
=T« T04T9
=~5.88004
‘3-3ﬂllﬁ
=2:9150R
'3-13“39
*IU?BQﬂ?
=-.AlR4]
=0.07300
n.21172
N.33347
N.35343
0.3R359
0.39833
0.,4017T
0.40703
fi,40R04
0.408]16
D.4031A
D.4081%
N.40316
0.40831%
040816
D.40R1%
0.40R1A
0.4031&
D.a0R1%5
N.4031%

i ==5,0

=14,22004

=9.,21961
-T|TT134
=-5.91539
=4,57304
=3.30007
=2.903310
=2.12432
=1.77292
=0 TYS548
-ﬂ-ﬂ&??ﬂ
0.21453
0.33338
0.35174
0,37901
0.33190
039482
D.39914

0.39993
0.40000

0.40000
d<40000
0.40000
0.40000
040000
D.40000
0.40000
D.40000
Q.40000
M.40000

ﬁ :_5|1

~-14,39918
=10.81401

-9,30952
=T7.83557
=-5.95171
-4,58823
-3.,29823
-2.307483
—1.75563
= . TT455
~0.04340
0.22458
N,.33284
0.,34972
0.37428
0,38552
038799
0.39152

N.39211
0.39216

D.39218
0.39216
0.39216
0.39216

0.39216.

0.39216
0.39216
0.39216
D.39216
D.39216A

G :‘5‘2

=14.57706
~10.92853

=-0,39827
-?.?UG?B
=5.98A602
-4 ,60252
-3.29567
-2.89572
-2.09490
-1.73795
=0.T75364
-0.02927
0.23201%
0.33194
D.34740
0.36945
0.37919
0.38127
N.38414

N.38458
N.384562

N.38452
Ne3B462
0.38462
0.38462
Da38462
D.38462
D.3R462
bD.38462
N.3R0462
0.3R462

G ==5.3

-14,75370
-11.0418&

-gl¢BSBE
=T7+96390
-h.01934
=-4.61594
=3.29240
-2.88T96
=-2.07950
=0 T32TT
-0.01561
0.23527
0.33070
D.34481
0.36453
037295
D3T4069
037701

0.37734
0.37736

037736
0.37736
0.37736
0.37736
0.37736
0.37736
0.37736
0.37T736
0.37736
0.37736

G =-5.4

-1#192912
~11.15402

=-9,57232
=-B.02594%
=H. 05169
=-4.62850
=3.288454
=2.87959
=-2.06365
=1-T70155
=0.71195
=0.00243
0.23984
0.32914
D.3%198
0.359546
0.36680
J.36825
0.37011

0.37036
0.37037

0.37037
0.37037
0.37037
0.37037
0.37037
0.37037
0.3703T7
0.37037
0.37037
0.37037

G ==5.5

-15,10332
=11.26502

=93.65766
-8.08691
=6 08307
'4-6‘023
=3.28381
-2.87062
=2.04T739
-l.58287
-0.69122
0.01028
0.24301
0.32729
0.33895
0.35456
0.36076
0.36196
0.36345

0.36363
0.36354

0.36364
0.36364
0.36364
0.36364
0.363264
0.36364
0.36364
0.36364
0.36364
0.36364%



E2-t

<]

0.9599
0.9995
0«9990
0.9980
0.9950
0.99200
0.9800
0.9750
0.9600
0.9500
09000
D.8000
07000
0«.%000
05704
05000
0:%296
0+4000
03000
0.2000
0.1000
0.0500
00400
00250
0«0200
0.0100
0.0050
0.0020
0.0010
0.0005
0.0001

G ==3.A

=15.27TR32
=~11.3T487

-FaT4H190
-B.14683
-&-11351
=4,65111
=3.27854
-2.86107
-2.03073
=1.66390
0.02252
0.24751
0.32519
033573
034955
Na35484
0.35583
035700
035714
0.35714
D=35T714
035714
0«35714
035714
0.35714
0.35T714
D35714%
0«35714
0.35714
0.35714

G =-3l?

=-15.44B13
=11.48360

—S.82505
-i-EﬂETE
-6.14302
—f Bl
=3.27263
-2.85098
=-2.0]1369
=latidabd
=UeB5006
003427
De25064
032285
033236
0«34455
0«34903
J«34985
035078
0.35087
0«35085
U«35088
J«35088
0.35088
De250858
l«35088
0.35088
0«350848
35088
0.35088
U.35088

=15.61878
=11.59122

-S9«90T13
~B.26359
-6.17162
—4.67050
"3-2'&&10
=2.84030
~1.99629
-1e62513
=0«62966
0aD4553
0.25334
032031
D.32886
033957
034336
034402
De344T6
0a34433
D.34483
034483
034483
Ua34433
0.34483
0.34483
0a34443
0s34483
0.346453
0.,344833
Ue.34483

EI ="'5.9

=15.7RA”B
~11.69773

=3.98815
=~B.32046
-5419933
457903
~-3.258%8
-2.82912
-1«97855
~1.60538
=0+60941
0.05432
0«25562
Ne31T59
032525
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Appendix 4

OUTLIER TEST K VALUES

10 PERCENT SIGNIFICANCE LEVEL K VALUES

The table below contains one sided 10 percent significance level Ky
values for a normal distribution (38). Tests conducted to select the out-
lier detection procedures used in this report indicate these Ky values are
applicable to log-Pearson Type III distributions over the test&d range of
skew values.

Sample Ky Sample Ky Sample N Sample Ky
size value size value size value size value
10 2.036 45 2.727 80 2.940 115 3.064
11 2.088 46 2.736 81 2.945 116 3.067
12 2.134 47 2.744 82 2.949 117 3.070
13 2.175 48 2.753 83 2.953 118 3.073
14 2.213 49 2.760 84 2.957 119 3.075
15 2.247 50 2.768 85 2.961 120 3.078
16 2.279 51 2.775 86 2.966 121 3.081
17 2.309 52 2.783 87 2.970 122 3.083
18 2.335 53 2.790 88 ©2.973 123 3.086
19 2.361 54 2.798 89 2.977 124 3.089
20 2.385 55 2.804 90 2.981 125 3.092
21 2.408 56 2.811 91 2.984 126 3.095
22 2.429 57 2.818 92 2.989 127 3.097
23 2.448 58 2.824 93 2.993 128 3.100
24 2.467 59 2.831 94 2.996 129 3.102
25 2.486 60 2.837 95 3.000 130 3.104
26 2.502 61 2.842 96 3.003 131 3.107
27 2.519 62 2.849 97 3.006 132 3.109
28 2.534 63 2.854 98 3.011 133 3.112
29 2.549 64 2.860 99 3.014 134 3.114
30 2.563 65 2.866 100 3.017 135 3.116
31 2.577 66 2.871 101 3.021 136 3.119
32 2.591 67 2.877 102 3.024 137 3.122
33 2.604 68 2.883 103 3.027 138 3.124
34 2.616 69 2.888 104 3.030 139 3.126
35 2.628 - 70 2.893 105 3.033 140 3.129
36 2.639 71 2.897 106 3.037 141 3.131
37 2.650 72 2.903 107 3.040 142 3.133
38 2.661 73 2,908 108 3.043 143 3.135
39 2.671 74 2.912 109 3.046 144 3.138
40 2.682 75 2.917 110 3.049 145 3.140
41 2.692 - 76 2.922 111 3.052 146 3.142
42 2.700 77 2.927 112 3.055 147 3.144
43 2.710 78 2.931 113 3.058 148 3.146
44 2.719 79 2.935 114 3.061 149 3.148
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¥* Appendix 5

CONDITIONAL PROBABILITY ADJUSTHENT

For stations where the record of annual peaks is truncated by the
omission of peaks below a gage base, years with zero flow, and/or Tow
outlier criterion, the conditional probability adjustment described in
reference (28) is recommended to obtain the frequency curve. These pro-
cedures should only be used when not over 25 percent of the total record
has been truncated. A truncation level is defined as the minimum discharge
that will exclude peaks below the gage base, zero flows, all low outliers,
and no other discharges. Because data from stations treated by this pro-
cedure may not fit a Tog-Pearson Type III distribution, any computed fre-
quency curve should be compared with a plot of observed values.

Prior to applying the conditional probability adjustment, the data
should have been reviewed and the statistics for the above gage-base
peaks computed. Procedures for detecting outliers, recomputing statis-
tics for peaks above the truncation level, and incorporating applicable
historic information should have been completed. Al1l except the last
computation step shown on the flow chart in Appendix 12 (page 12-3) should
have been'completed. The steps in the conditional probaBi]ity adjustment
are as follows: :

1. Calculate the estimated probabi]itylﬁ that any annual peak will
exceed the truncation level by the formula:

~

_N
P=0 (5-1a)

in which N is the number of peaks above the truncation level and n is

the total number of years of record. If historic information has been
included, then ecuation 5-1b should be used rather than 5-1la. ¥*
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% § o HoML (5-1b)

where H is the historic record length, L the number of peaks truncated
and W the systematic record weight as computed in Appendix 6, equation
6-1.

2. Recompute the exceedance probabilities, P, for selected points,
P4s on the frequency curve using equation 5-2:

p="P X Py (5-2)

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

3. The exceedance probabilities, P, computed by equation 5-2
are usually not those needed to compute the synthetic sample statistics.
Therefore, it is necessary to interpolate either graphically or mathe-
matically 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(Q Q5a)
6 = -2.50 + 3.12 .01/ %10 (5-3)
Log(Q 34/ 9, 50)
Log (0Q 0 cixl
- g .nl/ .50 ERLHl
K.o1 - K.50
= 1oaf 8
T'{S - LUQ[Q_E{]} ol 'I{_EG{SSI (5 ]

where G.» S_.» and E; are the synthetic logarithmic skew coefficient, stand-
ard deviation, and mean, respectively; Q gy Q y0» and Q g are discharges
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with 0.01, and 0.70, and 0.50 exceedance probabilities respectively;
and K 01 and K 5o are Pearson Type III deviates for exceedance
probabilities of 0.01 and 0.50 respectively, and skew coefficient GS.

Equation 5-3 is an approximation appropriate for use between skew values
ﬁf +2,5 aﬂd ""2!‘]1

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

The minimum additional requirement to arrive at a final frequency
curve is the determination of the weighted skew. Examples 3 and 4 of
Appendix 12 illustrate the basic steps in computing a frequency curve
using the conditional probability adjustment. Other considerations in
a compiete analysis might include two-station comparison, use of rainfall
data, or other techniques described in this report. 3%
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NOTATION

synthetic logarithmic skew coefficient

historic record length

Pearson type III deviate from Appendix 3 for
exceedance probabilities of 0.01 and 0.50
respectively, and skew coefficient Gs‘
number of peaks truncated

number of peaks above the truncation level
total number of years of record

exceedance probabilities

estimated probability that an annual peak will
exceed the truncation level.

selected points on the frequency curve

discharges with exceedance probabilities of
0.01, 0.710, and 0.50, respectively

synthetic logarithmic standard deviation
systematic record weight from Appendix 6

synthetic logarithmic mean
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Appendix 6
HISTORIC DATA

+ Flood information outside that in the systematic record can often be

used to extend the record of the Targest events to a historic period much
longer than that of the systematic record. In such a situation, the follow-
ing analytical techniqueé are used to c0mpute a historically adjusted log-
Pearson Type III frequency curve. +

1. Historic knoW1edge is used to define the historically longer period
of "H" years. The number "Z" 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+L) 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
ach individual year's data using equations 6-1, 6-2a, 6-3a, and 6-4a.
Figure 6-1 is an example of this procedure in which there are 44 years of
systematic record and the 1897, 1919 and 1927 floods are known to be the
three largest floods in the 77 year period 1897 to 1973. If statistics have
been previously computed for the current continuous record, they can be
adjusted to give the equiVa]ent historically adjusted values using equations
6-1, 6-2b, 6-3b, and 6-4b, as illustrated in Figure 6-2. ’ +
+ 3. The historically adested'frequency curve is sketched on logarithmic-
probability paper through points established by use of equation 6-5. The
individual flood events should also be plotted for comparison. The histor-
ically adjusted plotting positions for the individual flood events are

+computed by use of equation 6-8, in which the historically adjusted order

number of each event "m" is computed from equations 6-6 and 6-~7. The com-
putations are illustrated in Figures 6-1 and 6-2, and the completed pﬁotting
Kis shown in Figure 6-3.
+ 4. The following example illustrates the steps in application of the
historic peak adjustment only. It does not include the final step of "
weighting with the generalized skew. The hiétorica11y adjusted skew'deve16ped

by this procedure is appropriate to use in developing a generalized skew. +
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DEFINITION OF SYMBOLS
event number when events are ranked in order from greatest magnitude
%o sma;]est magnitude. The event numbers "E" will range from 1 to
Z+ N).

logarithmic magnitude of systematic peaks excluding zero flood
events, peaks below base, high or Tow outliers

logarithmic magnitude of a historic peak including a high outlier
that has historic information

number of X's
mean of X's
historical]y adjusted mean

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

standard deviation of the X's

historically adjusted standard deviation : +
skew coefficient of the X's

historica]ly adjﬁsted skew coefficient +
Pearson Type III coordinate expressed in number of standard devia-
tions from the mean for a specified recurrence interval or percent

chance

computed flood flow for a selected recurrence interval or percent'
chance o '

plotting position in percent

probability that any peak will exceed the truncation level (used

in step 1, Appendix 5) _ ¥
number of historic peaks including high outliers that have historic

information +
number of years in historic period , 3

number of low values to be excluded, such as: number of zeros,

“number of incomplete record years (below measurable base), and Tow ;2

outliers which have been identified

constant that is characteristic of a given plotting position formula.
For Weibull formula, a = 0; for Beard formula, a = 0.3; and for
Hazen formula, a = 0.5

systematic record weight ¥
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'EQUATIONS

+,-H-7 -
W= T (6-1)
o WEX 43X |
M= H-WL , \ ‘ (6-2a)
- WE(X - M) + 3 (X, - W)
= (6-3a)
(H-WL-T)
~ 3 ~ 3
i H-WL WE (X - M) #3(x, - M)
I 7 I v ) = (6-4a)
~ WNM +'EXZ
M = —WE-— | . (6-2b)
o W N=1)S N (- ) s - i
> = (H-WL-T) (6-3b)
3
(H-WL-T) " (H-WL-2)S N
FUN (- ) 30 -0 | (6-ab)
> L. o , 4
Log Q=M+ KS | (6-5)
m=E; when: 1 <E<Z (6-6) 3¢
+ m=WE - (W-1) (Z+0.5); when: (Z +1) < E < (Z + N+L) (6-7)
oo M- a _
PP = — 55—y 100 ~ (6-8)
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Station:

Figure 6-1. HISTORICALLY WEIGHTED LOCGC PEARSON TYPE IJI - ANNUAL PEAKS

3-60A5, Rig Sandv River at Rruceton, TN. DN. A. 205 gsquare miles
Record: 1887, 1919, 1927, 1930-1973 (47 vears)
Historical period: 1897-1973 (77 vears)
N = &44; 7 = 33 0 = 77
lLog Y Neparture Welight Fvent Ueighted |[Plotting
Year Q (ft ~/ s) from , Numher order position
=Y =X mean 1o =W = E Numher (Weihull)
x = (X-M) =m PP
1897 25,000 4,39794 N.AR212 1.00 1 1.00 1.28
1919 21,000 4.32222 N.A0640 1.00 2 2.00 2.56
1927 18,500 4,26717 N,55136 1.00 3 3.00 3.85
1935 17,000 4,23045 Nn.51464" 1.68182 4 4.%4 5.56
1937 13,800 4,17988 N, 42407 ] 5 6.02 7.72
1946 12,000 4,07918 0.363137 6 7.71 9.88
1972 12,000 4,07918 N.36337 7 9.139 12,04
1956 11,800 4,07188 N.35607 8 11.07 14,19
1942 10,100 4,00432 n.28851 9 12,75 16.35
1950 9,880 3,99475 0.27895 10 14.43 18,50
1930 9,100 3.95904 n,2432% 11 16.12 20,67
1967 9,060 3.957113 N.24132 12 17.80 22.82
1932 7,820 3.89321 0,17740 13 19,48 24,97
1973 7,640 3.883Nn9 N,16728 14 21.16 27.13
1962 7,480 3.,873490 n.15809 ~ 15 22,84 290,28
1965 7,180 3.85612 N.,14031 © 16 24,53 31.45
1936 6,740 3.R2866 N,11285 S 17 26,21 33,60
1948 6,130 3.78746 n,n7145 et 18 27.89 35.76
-
1939 5,940 3.77379 0n,.05798 1 19 29,57 37.91
1945 5,630 3.75051 n.03470 —~ 20 31.25 40,06
1934 5,580 3.74663 n,n3082 < 21 32.94 42,23
1955 5,480 3.73878 n,N2297 N 22 34,62 44,38
1944 5,340 3.72754 n,01173 :: 23 36,30 46,54
)
1951 5,230 3.71850 n,n0n0269 1 24 37.98 48.69
1957 5,150 3.71181 -n,00400 ~ 25 39.R6 50,85
1971 5,080 3.70586 -0.00995 Lot 26 41.35 53.01
1953 5,000 3.69897 -0,N1A84 27 43,03 55.17
1949 4,740 3.67578 [ =-n.04003 ' 28 44.71 57.32
=
1970 4,330 3.63649 -0,07932 = 29 46,139 59,47
1938 4,270 3.63043 -N,.NR5138 | in 48,07 61.62
1952 4,260 3,62941 -0 ,NRALD - 31 49,76 63,79
1947 3,980 3.59988 -0,11593 ~ 32 51.44 65.95
1943 3,780 3.57749 -0.13832 i 313 53.12 68.10
1961 3,770 3.57634 -0,13947 = 34 54,80 70,25
1958 3,350 3.52504 -n,19077 35 56.49 72,42
1954 3,320 3.52114 -N.19467 36 58.17 74,58
1933 3,220 3.50786 -N,20795 37 59,85 76,73
1964 3,100 3.491136 -N,22445 38 61.53 78.88
1968 3,080 3.48855 -0,22725 19 fY,21 81.04
1969 2,800 3.44716 -N,26865 40 64.90 83,21
1963 2,740 3.43775 -0,27806 41 66.58 R5.736
1959 2,400 3.38021 -N,33560 42 68,26 87.51
1931 2,060 3.31387 -N,40194 43 69,04 RA_.67
1966 1,920 3.28130 -0.43251 44 71.62 91.82
1940 1,680 3.22531 -0,49050 45 73.131 91,99
1960 1,460 3.16435 -N.55146 p— 46 74,99 96.14
1941 1,200 3.07918 -0,.63663 1.68182 47 76,67 98.29
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* Figure 6-1. HISTORICALLY WEIGHTED LOG PEARSON-TYPE III - ANNUAL PEAKS (Continued)

Solving (Eq. 6-2a)

X = 162.40155
WEX = 273.13018
ZX,= _12.98733
286.11751

M =286.11751/77 = 3.71581

Solving (Eq. 6-4a)
3

$x3 = -0.37648
WEXS = -0.63317
zxﬁ = 0.70802
0.07485
Solving (Eq. 6, Page 13)
N= 77
A= -0.33 + 0.08 (0.0418) = -0.32666
B= 0.94 - 0.26 (0.0418) = 0.92913

Solving (Eq. 6-3a)

(77) (0.07485)

$x = 3.09755
WExZ = 5.20052
zxz = 1.13705
6.34657
T - 6.34657/(77 - 1) = 0.08351
3  =0.288%8 33 = 0.02413
= 0.0418

(76) (75) (0.02413)

MSE = 10[-0-32666 - 0.92913[0.88649]] _ 14[-1.150325] _ 47074

Solving (Eq. 9.5, Page 12)

0.302(0.0418) + 0.07074(-0.2)

G = -0.00409

w .302 + 0.07074

Solving (Eq. 6-5)
% K (8) (K) W+ (5 (K) = Log Q -
6, = -0.00409 S = .28898 W = 3.71581 (ft s)

99 -2.32934 -0.67313 3.04269 1,103
95 -1.64599 -0.47566 3.24014 1,738
90 : -1.2819% -0.37046 3.34535 2,215
80 -0.84141 -0.24315 3.47266 2,969
50 0.00067 0.00019 3.71600 5.200
20 0.84180 0.24326 3.95907 9,100
10 1.28110 0.37021 4.08602 12,190
4 1.74929 - 0.50551 4.22132 16,646

2 2.05159 0.59289 4.30868 20,355

1 '2.32340 0.67142 ° 4.38723 24,391
A 3.08455 0.89138 -4.60719 40,475
.01 3.71054 1.07227 4.78808 61,387

Z=3

ForE=1;M=E=1
ForE=2;WM=E=2
ForE=3; m=E=3

Solving (Eq. 6-8)
For Weibull: a = 0. PP = (100) (W) /(78)

Solving (Eg. 6-7)

(Z+1) =4
(Z + N) = 47
For 4<E<47:

-~

7= (1.682) (E) - (0.682) (3.5)
W= (1.682) (E) - 2.387




Figure 6-2. HISTORICALLY WEIGHTED LOG-PEARSON TYPE ITI - ANNUAL PEAKS

Results of Standard Computation for the Current Continuous Record

Big Sandy River at Bruceton, THN. DA - 205 square miles
#3-6065 (44 years)

N = number of observations used = 44
M = mean of logarithms = 3.69094
S = standard deviation of logarithms = 0.26721
s = 0.07180 S = 0.01908
G = coefficient of skewness (logs) =-0.18746
Adjustment to Historically Weighted 77 Years
Historic Peaks (Z = 3 Years)
1 } I T
3 r | W [ Y _ 3

Year | ¥, (Ft7/s) | Log Y, = X, !xz M l(xz M) r {xz M)
1897 | 25,000 |  4.3979% iu.53213 | 0.46531 | 0.31740
1919 | 21.000 | 4.32222 ln.ﬁn541 | 0.36774 [ 0.22300
1927 1 aes00 | 4.26717 085136 | 0.30400 | 016762

| | |
Summation 12.98733 1.83930 1.13705 0.70802

N = 44 =3 H =177
Solving (Eq. 6-1): W = (77-3)/44 = 1.68182
Solving (Eg. 6-2b): ﬁ - (1.68182) (44) (3.69094) + (12.98733) = 3.7188]
77 .

Solying (Eq. 6-3b):

(M - M) = -0.02487; (M - M)® = 0.000619; (M - #)> = -0.0000154

ge _ (1.68182)(43)(0.07140) + (1.68182)(44)(0.000619) + (1.13705)
76

52 = 0.08351 S = 0.28898 33 = 0.02413
Solving (Eq. 6-4b):

o i (1.68182) (43) (42) (0.01908) (-0.18746) .
76) (75) (0.02413 44

8
(3)(1.68182) (43) (-0.02487) (0.07140) + (1.68182)(44)(-0.0000158) + (0.70802)]

= 0.08351
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EXPLANATION
(O Histonical peaks {1897, 1919 and 1927) plotted as
largest in 77 year penod (1897-1973).
® Recorded peaks (44 years, 1930-1973) plotted
such that each point represents 1.68 years
in the longer 77 year penod.
Points plotted by Weibull Plotting Position formula,
— Weighted Log Pearson Type 1l computed curve.

[ N=44, Z=3, H=77 6= 0.04
i Ll
M=3.71681 GH=_E . 004
$=0.289
|
10,004 1
] T

DISCHARGE, IN CFS

BIG SANDY RIVER AT BRUCETON, TH

| ANNUAL PEAKS
HISTORICALLY WEIGHTED LOG
' PEARSDN 1YPE I
FIGURE £-3
I | {I' . _'-
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EXCEEDANCE PROBABILITY, IN PERCENT



Appendix 7

TWO STATION COMPARISON

INTRODUCTION

The procedure outlined herein is recommended for use in adjusting
the Togarithmic mean and standard deviation of a short record on
the basis of a regression analysis with a nearby long-term record.
The theoretical basis for the equations provided herein were developed
by Matalas and Jacobs (29).
The first step of the procedure is to correlate observed peak
flows for the short record with concurrent observed peak flows for
the Tong record. The regression and correlation coefficients, respectively,
can be computed by the following two equations:

.

ZX] - (EX.I) /N]
Sx]
r=>t S—‘y]- (7_2)

where the terms are defined at the end of this Appendix.

If the correlation coefficient defined by equation 7-2 meets
certain criteria, then improved estimates of the short record mean and
standard deviation can be made. Both of these statistics can be improved
when the variance of that statistic is reduced. As each statistic is
evaluated separately, only one adjustment may be worthwhile. The criterion
and adjustment procedure for each statistic are discussed separately.
In each discussion, two cases are considered: (1) entire short record
contained ih the Tong record, (2) only part of the short record contained
in the long record. The steps for case 2 include all of those for
case 1 p]hs an additional one.
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sk CRITERION AND ADJUSTMENT PROCEDURE FOR MEAN

The variance of the adjusted mean (Y) can be determined by equation 7-3:

- 2

S

( yl) N, 2 (1-r%

var(Y) = 1 -7 < - ) (7-3)
Ny e PO R L)

Since (Sy )Z/N1 is the variance of Yis the short-record mean, Y will be
1
1-r

N1-3

a better estimate of the true mean than Y, if the term rz - in

1

equation 7-3 is positive. Solving this relationship for r yields
equation 7-4. 1If the correlation coefficient satisfies equation 7-4,

v 1y - 222 (7-4)

then an adjustment to the mean is worthwhile. The right side of this
inequality represents the minimum critical value of r. Table 7-1 contains
minimum critical values of r for various values of‘Nl. The adjusted
logarithmic mean can be computed using equation 7-5a or 7-5b.

- - 2 - o

Y = Y]. + W b (X2 - Xl) (7-53)
172

Y = Vi + b(X3 - Xl) (7-5b)

Equation 7-5b saves recomputing a new Yé at the long record station
for each short record station that is being correlated with the long
record station. While the adjusted mean from equation 7-5a or 7-5b
may be an improved estimate of the mean obtained from the concurrent
period, it may not be an improvement over the entire short record mean

"+ in case 2. It is necessary to compare the variance of the adjusted

mean (equation 7-3) to the variance of the mean (73) for the entire short

record period (N3). Compute the variance of the mean Vé using equation

7-6:
_ 2
o (Sy3>
Var(Y3) =

W, - (7-6) 4
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where Sy is the standard deviation of the logarithms of flows for the
3

short record site for the period N3. If the variance of equation 7-6 is
smaller than the variance of Y given in equation 7-3, then use Vé as the
final estimate of the mean. Otherwise, use the value of Y computed in

equation 7-5a or 7-5b.

EQUIVALENT YEARS OF RECORD FOR THE MEAN
As illustrated in equations 7-3 and 7-6, the variance of the mean
is inversely proportional to the record length at the site. Using
equation 7-3 it can be shown that the equivalent years of record, Ne’
for the adjusted mean is:

N = Y - (7-7)

e
N 2
2 2 1-r
1= N, <" %»ng—>

It may be seen from equation 7~7 that when there is no correlation
(r=0), then Ne is less than Ni. This indicates that the correlation
technique can actually decrease the equivalent years of record unless
r satisfies equation 7-4. For perfect correlation (r=1), then
Ne = N] + Nz, the total record length at the long record site.

Although Ne is actually the equivalent years of record for the
mean, it is recommended that Ne be used as an estimate of the equivalent
years of record for the various exceedance probability floods in the

computation of confidence limits and in applying the expected probability
adjustment.

CRITERION AND ADJUSTMENT PROCEDURE FOR THE STANDARD DEVIATION

The variance of the adjusted variance Sy2 (square of the standard de-

viation) can be determined by equation 7-8:
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¥ 2(s. )* (s. )*
Y N,y
Var(s,%) = =— * 2 'l 2[5r4 + Brf + 6] (7-8)

where A, B, and C are defined below and the other terms are defined

at the end of the appendix. In equation 7-8, 2(S ) /(N -1) is the

variance of Sy (the short-record variance). If the second term
1

in equation 7-8 is negative, then the variance of Sy2 will be less

than the variance of S 2 . Solving this relationship for r yields the

I
following equation:
Il > [-B * \pl-aac 772 (7-9)
oA ]
(N42) (Ny-6) (N;-8)  B(No~8) 2N, (N;-4)%  NiN,(N,-4)?
Wy 1 ] ] 2Ny 1Np Ny
where R=—m=ym.-5) -~ .-3) 5+ 2
| 1 1 1 (N;-3) (N;-3)° (N -2)
. 4n-8)
(N17§T

_ 6(N,#2) (N;-6) 2(WE-N,-14) 2N, (N -4) (N;-5)

0 [ R U (1,-3)2
2(N;-4) (N} +3) 2N,y (I, _4)2
(N;-3) ) (N]-S) (-2)
c 2(N#1) 3(Np#2)  (¥1) (2N #H,-2)
N;-3 (W, -3V (N;-5) N1

2N, (N;-4) 2(N,-8) (N+1) NN, (N _4)2
+ + +

(N;-3)° (Ny-3) (N]-3>2( -2)
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The right side of the inequality (7-9) represents the minimum critical
value of r. Table 7-1 gives approximate minimum critical values of
r for various values of N;. The table values are an approximation as
they are solutions of equation 7-9 for a constant N2. The variations
in N2 only affect the table values slightly.

If the correlation coefficient satisfies equation 7-9, then the
adjusted variance can be computed by equation 7-10:

2 _ 1 e 2 2 2
Sy% = T [ oy s, £+ oS,

N, N -
2y 2,12 2w |5 2](7-10)
(T-r )Sy] T b™ (X5 - X)

N2(N1-4)(N1—])
(N]-B)(N]-Z)

The adjusted standard deviation Sy equals the square root of the adjusted
variance in equation 7-10. The third term in brackets in equation

7-10 is an adjustment factor to give an unbiased estimate of Syz.

This adjustment is equivalent to adding random noise to each estimated
value of flow at the short-term site.

‘While the adjusted variance from equation 7-10 may be an improved
estimate of the variance (standard deviation) obtained from the con-
current periods it may not be an improvement over the entire short
record variance (standard deviation) in case 2. It is necessary to
compare the variance of the adjusted variance (equation 7-8) to the

variance of the variance (S‘y 2) for the entire period (N3). Compute

the variance of the short-record variance (Sy 2) using equation 7-11.:
3

(7-11)
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where all terms are previously defined. If the variance of equation
7-11 is smaller than the variance of Sy2 given in equation 7-8, then
use Sy -as the final estimate of the standard deviation. Otherwise,

3

use the value of Sy determined from equation 7-10.

FURTHER CONSIDERATIONS

The above equations were deve]bped under the assumption that the
concurrent observations of flows at the short and long-term sites have
.a joint normal probability distribution with a skewness of zero. When
thié assumption is.serious1y violated, the abové equations are not exact
and this technique should be used with caution. In addition, the reli-
ability of r depends on the length of the concurrent period, N]; To
obtain a reliable estimate of r, N] should be at least 10 years.

Notice that it is not necessary to estimate the actual annual peaks
from the regression equation but only the adjusted logarithmic mean and
standard deviation. The adjusted skew coefficient should be computed
by weighting the generalized skew with the skew computed from the short

record site as described in Section V.B.4.
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NOTATION
Number of years when flows were concurrently observed at the two sites

Number of years when flows were observed at the Tonger record site
but not observed at the short record site

Number of years of flow at the short record site
Equivalent years of record of the adjusted mean

Standard deviation of the Togarithm of flows for the extended period
at the short record site

Standard deviation of logarithm of flows at the long record site
during concurrent period

Standard deviation of logarithm of flows at the long record site
for the period when flows were not observed at the short record site

Standard deviation of the logarithm of flows at the short record site
for the concurrent period

not used

Standard deviation of logarithm of flows for the entire period at the
short record site
Logarithms of flows from long record during concurrent period

Mean logarithm of flows at the long record site for the concurrent
period

Mean logarithm of flows at the long record site for the period when
flow records are not available at the short record site

Mean Togarithm of flows for the entire period at the long record site
Logarithms of flows from short record during concurrent period

Mean logarithm of flows for the extended period at the short record
site

Mean logarithm of flows for the period of observed flow at the short
record site (concurrent period)

not used
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Mean logarithm of flows for the entire period at the short record site
Regression coefficient for Y] on X1

Correlation coefficient of the flows at the two sites for concurrent
periods :

*



TABLE 7-1 MINIMUM v VALUES FOR IMPROVING
MEAN OR STANDARD DEVIATION ESTIMATES

CONCURRENT MEAN STANDARD
RECORD DEVIATION
10 0.35 0.65
11 0.33 0.62
12 0.32 0.59
13 0.30 0.57
14 0.29 0.55
15 0.28 0.54
16 0.27 0.52
17 0.26 0.50
18 0.25 0.49
19 0.24 0.48
20 0.24 0.47
21 0.23 0.46
22 0.22 0.45
23 0.22 0.44
24 0.21 0.43
25 0.21 0.42
26 0.20 0.41
27 0.20 0.41
28 0.20 0.40
29 0.19 0.39
30 0.19 0.39
31 0.19 0.38
32 0.18 0.37
33 0.18 0.37
34 0.18 0.36
35 0.17 0.36

1=%





