


















































TABLE 8 

EXAMPLES OF RETURN PERIODS, Nr , OF HISTORICAL DROUGHTS (LONGEST NEGATIVE RUN-LENGTH AND LARGEST NEGATIVE RUN-SUM) 

FOR ANNUAL FLOW SERIES OF TEN RIVERS 

Missouri Rio Grande Guadalupe Nasselle Cherry Creek Rhine Danube GOt a Nemunas 
River at River at River near River near River near ncar Hetch River River at River at kiver at 
Fort Bent on, El Paso , Guadalupe , Naselle , Vientiane , Hetchy, Cali - at Basle, Orshova , Vaners- Smo lini nkai 

USA Texas , USA Colombia Washingt on Laos fornia, USA Swit zerland Rumania burg , Lithuani a , 
USA Sweden USSR 

N, the sample size 65 32 22 31 49 45 150 120 150 132 

Q, the mean river 
7635 585 710 430 162070 368 36253 189455 18921 19253 discharge, c.f. s . 

p, the first serial 
0 .593 0 . 483 0 . 290 0. 299 correl ation coefficient 0 . 360 0.013 0 . 077 0 .096 0. 463 0 . 185 

y , t he skewness 
0 . 086 2 . 269 -1.076 0.019 -0.179 0.211 0 . 143 0.270 -0 . 058 0 .465 coefficient 

L , the longest neg- 0.5 13 14 3 7 8 4 5 6 7 5 .... afive run-length with 0.4 13 7 3 4 5 4 5 4 6 4 
00 

the truncation l evel 0.3 12 7 3 2 3 3 3 3 6 3 
q 0.2 4 4 2 2 3 2 3 2 5 2 

Dm, the largest neg-
ative run-sum with 0 . 5 15 . 237 11.168 2.848 3.124 6 .653 4.032 4. 155 5.104 7.494 4 . 039 
truncation level q , 0.4 12.425 5.620 2. 596 2.160 4.029 2. 367 3 . 168 2.299 5 .982 3.156 
for standardized 0.3 7.933 3.391 1. 799 1.495 3 . 197 1.55 2.538 1.683 4.530 2.158 
variables 0.2 2.001 2.474 1.340 0.924 2 . 221 0.869 1. 745 1 . 165 2. 776 1.599 

'\ 
N,, the representa- .... 
t1ve sample size >500 200 20 15 so 30 30 47 60 27 from graphs for om, 
the largest negative 
run-sum for q=O. 5 

N,, the representa- q 
t1ve sample size ob- 0.5 >500 >500 8 117 237 19 33 64 117 30 
rained by Eq. 16 0.4 >soo 206 15 28 57 36 62 30 110 29 
for lm• the longest 0.3 >soo 465 33 16 32 40 35 34 249 32 
negative run-length 0.2 189 186 52 so 102 64 110 54 393 51 

N , the representa- q 
tive sample size ob- 0.5 >500 >500 10 15 119 37 35 64 202 31 
tained by Eq. 17 for 0 . 4 >500 161 16 15 41 23 35 20 142 33 
Om, the largest neg- 0.3 >500 85 22 22 53 31 51 30 125 39 
ative run-sum 0.2 87 148 51 47 89 63 97 67 125 85 



added to results of this study. In general, the 
computed representative sample sizes, Nr , agree 
closely for the run-length and the run-sum for a given 
l evel of truncation, q . However, they change from 
one q to another. The Missouri and the Rio Grande 
rivers sho1; historic droughts as having very rare 
occurrence, because the distributions of both the 
longest negative run-length and the largest negative 
run-sum show that the return periods of these historic 
droughts are much greater than Nr = 500 for q = 0.50. 

The available annual series of the Mekong River 
has l arge runs at truncation levels q = 0.5 and 
q = 0. 2 but just about the representative drought 
l engths at the truncation levels q = 0.4 and q = 
0. 3 . It should be noticed that the ~lekong River has 
negative skewness, so it is outside the range of the 
validity of the developed graphs and equations. The 
question is whether the value of g = -0 . 179 should 
be considered as significantly different from y = 0 
besides, the effect of the skewness is relatively 
small on the r epresentative sample size, Nr . 

The Guadalupe River in Colombia and Cherry Creek 
in California have run-lengths that just about produce 
the representative sample sizes for all truncation 
levels . For the Nasselle River the maximum differences 
among the available sample size and the computed 
representative samp le sizes are less than 70 percent, 
and a little more than 100 percent for the Guadalupe 
River, both at the truncation level of q = 0.2 . The 
drought probabilities of these two rivers can be 
adequately represented by the sample size and by using 
the parameters of their annual runoff series. The 
Rhine River, t he Danube River, and the Nemunas River 
with the avrilable sample sizes of mor~ than 100 years 
have smaller representative sizes of historical 
droughts than the sizes of samples available while the 
Gota River has just about the same r epresentative 
sample size as the sample size of t he historical 
drought. 

Hall, Askew and Yeh [1) considered from a study 
of 25 streams in the United States that the historical 
critical periods, as defined in Chapter I of this 
paper, were "significantly more severe than would be 
predicted by synthetically generated sequences of 
flows, using current standard methods ." A study of 
t he data in Table 8 shows which rivers support their 
statement and which do not support it by the results 
of this study, if the criterion used is that the most 
critical design period coincides with the historical 
drought. The ~1issouri and the Rio Grande rivers for 
a ll truncation levels and the Mekong River for the 
truncation level of q = 0.5 are within the category 
described (1 ). However, all the other seven rivers 
taken as examples , and by using the first -order 
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autoregressive linear model, not only would reproduce 
the historical droughts, but would also give, on the 
average, either longer or larger representative 
droughts for the sample available than the historical 
droughts. This statement is well supported by seress­
ing that a value Nr ~ N is equivalent to having a 
longer or large r historical drought in the available 
sample than the sample size would produce if the 
representative drought would occur. 

Table 8 demonstrates a significant change of 
Nr with the truncation level q . In other words, 
because of large sampling variations in the lengths, 
sums, and shapes of the longest or largest negative 
runs, the variation of Nr with q should be 
expected. Therefore , it is evident that the selection 

- of the truncation l evel for defining droughts 
represents an important decision in determining the 
probabilities (return periods) of historical droughts. 

4.3 Examples of Computing Probabilities of 
Historical Droughts for Annual Series of Precipitation. 
Table 9 presents examples of 20 annual series of 
precipitation in the Upper Missouri River Basin the 
same analysis that was presented for the runoff series 
in the previous section. 

Values of Nr for the precipitation series 
show in general the s ame pattern as observed for the 
runoff series. There are, however, some important 
points to emphasize. First, the 20 annual precipita­
tion series may be divided in a rough manner into 
long and short series. The only instances for which 
the computed values of Nr exceed the length of the 
historical record by more than 500 percent is when 
the historical record is long. For small historical 
records the value of Nr never exceeds the historical 
sample by more than 100 percent. An explanation for 
this patter n is as follows. The short records, those 
with less t han 40 years of data, have a relatively 
smaller mean than they would have were they longer, 
because for short records the drought of the 1930's 
represents a larger percentage of the total record 
than for the long records. This has a significant 
effect on the estimate of the truncation level, 
because a short. record has a much lower truncation 
level, x , for a given q than a long record. The 
smaller tge truncation level for a short record the 
smaller are the droughts. 

The analysis of Nr values in Table 9 shows 
similar patterns f or precipitation as for runoff, 
name ly that for the same q the representative 
longest run- Ength and the representative largest 
run-sum have close values of Nr . However, the 
change of Nr is much more variable from one q to 
the next . 
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TABLE 9 

EXAMPLES OF COMPUTING RETURN PERIODS, Nr, OF HISTORICAL DROUGHTS (LONGEST NEGATIVE RUN-LENGTH AND LARGEST 

NEGATIVE RUN-SU~f) FOR ANNUA.L PRECIPITATION SERIES OF TWENTY STATIONS IN THE UPPER MISSOURI BASIN 

N, sample size years 

P, mean annual preci­
pitation (inch) 

p, the first serial 
correlation coefficient 

y, the skewness 
coefficient 

q 
Lm, the longest neg- 0.5 
ative run- length with 0.4 
the truncation level 0.3 
q 0.2 

om, the largest neg- q 
ative run-sum with 0.5 
truncation level q, 0.4 
for standardized 0.3 
variables 0.2 

Nr, from Figs. 9 
thru 12 
Nr, the representa­
tive sample size ob­
tained by Eq. 16 
for Lm, the longest 
negative run-length 

Nr, the representa­
tive sample size ob­
tained by Eq. 17 for 
Dm, the largest neg­
ative run-sum 

0.5 
0.4 
0.3 
0.2 

0.5 
0.4 
0.3 
0.2 

Ashton 
Idaho 

Dubois 
Wyo . 

Salmon 
Idaho 

Augusta Big Bozeman 
Montana Sandy ~bntana 

~wntana 

Butte East Ennis 
Far Anaconda Montana 

Montana ~1ontana 

Fair 
Field 

Montana 

(1) (2) - ill__ (4) (5) (~ (7) (8) (9) (10) 

59 39 so 56 37 66 66 55 38 34 

16.41 10 .90 9.05 14.52 12 . 02 17.55 12.89 13.58 10.75 11.89 

-0.0440 -0.1030 -0.0300 0. 1300 0.0210 0.2098 0.2962 0. 0630 0.4340 -0 . 0351 

0.117 

6 
3 
3 
2 

4.43 
1. 77 
1.26 
0.91 

40 

110. 
26. 
60 . 
94 . 

70. 
16. 
38. 
95. 

0 .670 

5 
5 
5 
1 

1.67 
1.18 
1.09 
0.96 

<20 

55. 
103. 
232. 
46. 

13. 
17. 
36 . 

105. 

0.340 

6 
4 
4 
4 

3.80 
3.33 
2.81 
2.14 

35 

llO. 
52. 

1~8. 
369. 

48. 
67. 

108. 
220. 

0.340 

10 
10 

3 
2 

8.93 
6.56 
1.67 
0.93 

>500 

>500. 
>500. 

34. 
53. 

500. 
308. 
29. 
56. 

0 .350 

5 
3 
3 
1 

3.06 
1.68 
1.11 
0.86 

<20 

36. 
17. 
39. 
31. 

19. 
15. 
23 . 
62 . 

0.099 

9 
4 
4 
2 

6.10 
3.33 
2.27 
1.26 

100 

473. 
29. 
65. 
51. 

112. 
35. 
39. 
64. 

0.205 - 0.040 

.8 
8 
5 
3 

7.22 
5 . 37 
3.27 
1.46 

100 

231. 
433. 
124. 

99 . 

231. 
130. 

75 . 
73 . 

8 
5 
5 
3 

6.13 
3.24 
2.24 
1.35 

150 

273. 
65. 

147. 
117. 

98. 
28. 
33. 
58. 

0.087 

6 
6 
6 
2 

6.00 
3.71 
1.16 
0.64 

400 

57. 
107. 
240. 
48. 

98. 
41. 
18. 
40. 

-0.021 

4 
4 
3 
2 

4 .10 
3.09 
2.34 
1.83 

38 

29. 
55. 
62. 
98 . 

44 . 
43 . 
59. 

134. 

'-.... 



N ... 

N, sample size years 

P, mean annual preci­
pitation (inch) 

p, the first serial 
correlation coefficient 

y, the ske\\'ness 
coefficient 

q 
Lm• the longest neg- 0.5 
ative run-length 1~ith 0.4 
the truncation level 0.3 
q 0.2 

om• the largest neg- q 
ative run-sum Nith 0.5 
truncation level q, 0.4 
for standardi zed 0.3 
variables 0 . 2 

Nr• from Figs. 9 
thru 12 

Nr • the representa­
tive sample size ob­
tained by Eq. 16 
for Lm• the longest 
negative run-length 

NT, the representa­
tlve sample size ob­
tained by Eq . 17 for 
Dm• the largest neg­
ative run- sum 

0.5 
0.4 
0.3 
0.2 

0.5 
0.4 
0.3 
0.2 

Great 
Falls 
Mont. 

(11) 

68 

14.80 

Hebgen 
Dam 

~lent. 

(12) 

TAPLf 9 (cont'd) 

Helena Holter Lima ~!orris Virginia West Lamar Yellow-
Mont. Dam Montana Madison City Yellow- Wyo. Stone 

~font. Mont. Montana stone Park 
Montana Wyo . 

(13) (14) (15) (16) (17) (18) (19) (20) 

46 79 55 31 53 66 30 30 72 

25.40 12.38 13.20 10.84 17.70 13.90 21.21 13.43 16.58 

0.2430 -0 . 0740 0.2021 0.4380-0.0375 0.2469 0.1600 0.0880 0.3142 0.3290 

0.27 

4 
3 
3 
3 

3.71 
3.42 
2.53 
1.92 

31 

15. 
14. 
31. 
99. 

24. 
37. 
47. 
99. 

0. 735 0.474 

4 
3 
2 
1 

1.88 
1.47 
1.14 
0.96 

<20 

28. 
26. 
30. 
47. 

15. 
21. 
37. 

105. 

10 
3 
3 
2 

5.67 
2.23 
1. 74 
1.15 

90 

>500. 
15. 
32. 
51. 

90. 
18. 
29. 
63. 

0.458 0.807 

10 
8 
8 
3 

7.20 
5.24 
3.03 
1.16 

60 

>500. 
417. 

>500 . 
95. 

228. 
120. 

64. 
60 . 

5 
3 
2 
2 

2.60 
1.23 
0.96 
0.70 

20 

55. 
26. 
30. 
93. 

23. 
18. 
33 . 
89. 

0.380 

5 
4 
4 
3 

3.22 
2.16 
1.32 
0.73 

<20 

30. 
28. 
63. 

100. 

18. 
17. 
22. 
47. 

0.280 

9 
5 
4 
3 

4.53 
3.24 
2. 41 
1.50 

30 

480. 
58. 
65. 

103. 

43. 
35. 
46. 
80. 

0 .060 

3 
3 
3 
2 

2.42 
1.86 
1. 70 
0.59 

<20 

8. 
15. 
35. 
55. 

11. 
14. 
29. 
44 . 

0.304 

6 
4 
3 
1 

4.25 
2.80 
1. 09 
0 . 99 

25 

58. 
28. 
31. 
24. 

34. 
25. 
18. 
54. 

0.480 

10 
7 
7 
5 

7.61 
4 . 88 
4 . 36 
2 . 72 

150 

>500 . 
215. 
483. 
384. 

304. 
97. 

156. 
169. 

\,. 
... 
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Chapter V 

THE CONCLUSIONS 

The developed methodology for determining the 
probabilities or the return periods of historical 
droughts (recurrence intervals gi ven in years) is 
presented in this study . The basic statistical 
parameters used to describe the l argest historical 
drought are the longest negative run-length and the 
largest negative run-sum in a sample of size N . 
The parameters describing the structure of a stochastic 
process for a given probability q of the truncation 
level of a series are the first serial correlation 
coefficient p measuring the time dependence and the 
skewness coefficient y . This study leads to the 
following conclusions. 

(1) The present ed method can be used to 
determine when a historical or observed drought is 
unrepresentative of the sample size and the stochastic 
process for which the sample is observed. 

(2) By determining the sample size Nr to 
which the historical or observed drought should belong 
to be representative, the return period or the recur­
rence interval of the drought can be indicated by the 
method. 

(3) The frequency distributions as the 
estimates of sampling probability distributions of the 
longest negative run-length and the largest negative 
run-sum in the sample of size N .are of practical 
relevance to water resources and hydrologic investiga­
tions. As such they are presented in Appendices II 
and III of t his study for five sample sizes N(25, SO, 
100, 200, 500), for four values of the probability 
2 of the truncation level (0.5 , 0.4, 0. 3, 0.2), for 
five values of the f irst serial correlation coefficient 
P(O.O, 0.1, 0.2, 0.3, 0.7) , and for four values of the 
skewness coefficient y(O.O, 0.2, 0.5, 1.0) . 

(4) The sampling probability distribution of 
the longest negative run-length for independent 
stochastic processes can be obtained theoreti cally; 
however, for dependent stochastic processes following 
the first-order Markov linear model and f or the 
sampling probability distribution of the largest 
negative run-sum it was necessary to use the statisti­
cal experimental (Monte Carlo) method in computing 
t he frequency distributions from a large number of 
generated samples . 

(S) To check the accuracy of the obtained 
results of the experimental method, the exact probabi­
lity of the longest negative run-length was compared 
with the frequency distribution of this run- l ength of 
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generated samples . Satisfactory agreements were 
obtained at the 0.10 level of significance by using 
the Kolmogorov-Smirnov test . 

(6) The nonnormality of the underlying 
distribution as measured by the skewness coefficient 
only slightly effects the probability distribution 
of the l ongest negative run-length . For p = 0.0 i t 
does not depend on the underlying distribution. For 
the largest negative run-sum , however, the nonnormali­
ty has a much greater effect than for the longest 
negative run-length. 

(7) Alt hough there are reasons to believe that 
the theoretical probability distributions for the 

longest negative run- length and the largest negative 
run-sum may be very complex mathematical experesions, 
t he fi t of the l ognormal probability function with two 
parameters to the frequency distributions obtained by 
the experimental method is very good considering the 
expected complexity. 

(8) Because the computation of probabi lities 
(return periods , or recurrence intervals) of historical 
drought depends highly on the best estimates of q , 
P , and y , for a given N , the use of all regional 
information for i mproving the accuracy of these 
estimates will produce much more reliable estimates of 
these probabilities . 

(9) The differences between the population 
p~rameters (q , p , y) and the sample estimates 
(q , r , g) are related not only to the population 
parameters but also to some other statistics of the 
available sample. This properly may be used to 
improve the estimates of the sample on which the 
probabilities of historical droughts depend. 

(10) The application of the method developed 
in this study to 10 series of annual runoff and 20 
series of annual precipitation indicates that for a 
given truncation level the computation of return 
periods for the longest negative run-length and the 
largest negative run-sum are approximately of the same 
order of magnitude. However, the representative 
drought, Nr , of a series is very sensitive to a 
change in the truncation level parametes, q . This 
sensitivity indieates the importance of searching for 
the most accurate estimation of the probability of a 
truncation level . 
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APPENDIX I 

PROOFS FOR EQUATIONS GIVEN IN CHAPTER II 

Approximation to the chi-square distribution 
for large v , where v is the number of degrees of 
freedom is as follows. 

For v > 30 

x1~ • v [ 1 2 
+ t {2 ] 3 

• 9v i} 9v (1 .1) 

in which t. is the standard normal variable, N(O,l), 
and xf is

1
the corresponding chi-square var iable. 

The skewness is given by 

so for values of 

(1. 2) 

y < ls = 0.51 , Eq . (1.1) becomes -Ho 

X~ ,. _L [ 
1 y2 1 ~: . tf r 

which is chi-squared distributed with the mean v 
and the variance 2v To obtain a standardized 
deviate xi the mean is subtracted and divided by 

/;f,; for Eq. (1.3), so that 

X. = ~ [ 1 + .l t - yZ ] 
3 

1 y 6 i 36 
2 
y 

(1. 3) 

(1.4) 
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For the dependence of the type of the first 
order Markov model a further transformation must be 
made. Referring to Eq . (6) in Chapter II , the 
standardized variable, y. , of the variable following 
the first order Markov moAel, is 

(1.5) 

By definition E(yi) = E(yi_ 1 ) ~ 0 , E(yi) 

ECy{) = Yy ; then Eq. (1.5) gives 

1 , and 

Taking the expectation of the terms in Eq. (1.6) then 

From Eq. (1.7) solved for E(cf) • 

y (l - p3) 
y 1 

(1 • p2)3/2 
1 

then 

The skewness coefficient y or y is 
different from the skewness coeffi~ient ofx Yc , 
because of the effect of serial correlation. 

(1. 7) 

(1.8) 



APPENDIX II 

This appendix gives the plotted cumulative frequency distributions 

of the largest negative run-sum and the longest negative run-length in 

the sample of length N of the normal and nonnormal independent variables, 

with p = 0.0 , and of the dependent variables following the first-order 

linear autoregressive model for four values with p = 0.1, 0.2, 0.3, 0.7 

The nonnormality was accounted for by generating the one-parameter gamma 

variables that preserve the skewness coefficient, y = 0 .2, 0.5, and 

1.0 . Four values q = F(x
0

) , of the probabilities of truncation levels 

x
0 

, or q = 0.50, 0.40, 0.30, and 0.20 , are shown in the first five 

pages; pages 26 through 30 present the probabilities for all values of 

q , N , p and of y = 0.00 and y • 0.20 for the longest negative run­

length, Lm , and pages 31 through 35 present the same probabilities 

for values of y • 0.50 and y = 1.00 Pages 36 through 45 give the 

probabilities for the largest negative run-sum, or the deficit Om 

Each graph is identified by computer symbols Q , R , and G which 

correspond to the symbols used in this text, q , p , and y . Five 

frequency distribution curves on each graph obtained by the experimental 

method, are given for five values of N (25, SO, 100, 200, 500) . 
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APPENDIX III 

This appendix gives the values of parameters of frequency dis~ributions 

presented i n Appendix II. Table III-1 shows the mean and standard deviation 

of the distributions of the longest negative run-length for five values of 

N, (25, SO, 100, 200, 500) , five values· of p, (0.0, 0.1, 0.2, 0.3, 0.5), 

four values of the truncation level probability Q = F(x
0
), (0.5, 0.4, 0.3, 

0.2) , and three values of the skewness coefficient ~. (0.0, 0.2, 0.5) 

Table III-2 gives the mean and the standard deviation for distributions 

of the largest negative run-sum for the same parameter values as in Table 

III-1. Tables II I-3 and the standard deviation of the logarithms, ~n , 

and the standard deviation of the logarithms, an , as computed by Eqs. 

(12) and (13) in Chapter III, for the distributions of the longest negative 

run-length and the largest negative run-sum, respectively . These two 

parameters refer to t he approximate fits of lognormal distributions to 

the computed frequency distributions. 
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TABLE III - 1 

N"25 No 50 N=lOO N•200 N=SOO 

q=0. 5 0.5 0.4 0.3 0.2 0.5 0.-1 0 . 3 0.2 0.5 0.4 0.3 0.2 0.5 0.4 0 . 3 0.2 0.5 0.4 0.3 0.2 
LONGEST NEGATIVE RUN LENGTH ~lEANS 

Skewness = 0.0 

p=O.O 3. 97 3.17 2.38 l. 75 5 . 00 3.86 2.93 2. 17 6.06 4.57 3.4 7 2.57 7.04 5 .40 4. 01 3.03 8.26 6.30 4.86 3.60 
=0 . 1 4.23 3 . 38 2.55 1.88 5.35 4 .17 3.20 2.36 6 .48 4.95 3.80 2.82 7.34 5.84 4.45 3. 29 9.06 6.94 5.42 3.96 
=0.2 4 .51 3.61 2.74 2.04 5 . 75 4.47 3.47 2.56 7. 01 5 . 43 4.09 3.08 8 . 10 6 . 33 4 . 89 3 . 67 9.82 7.55 5 . 97 4.47 
=0.3 4 .87 3.88 2. 94 2.19 6 . 21 4.85 3 . 79 2.77 7.60 6.00 4.55 3.38 8.94 7.00 5 . 38 4 . 08 10 . 81 8.28 6.58 4. 97 
=0. 7 7 .07 5. 84 4. 24 3.07 9.75 7.79 6 . 02 4.38 12 . 58 10.17 7. 63 5.82 15 . 20 12 . 22 9 . 73 7 . 44 18 . 70 15.70 12. 45 9.62 

Skewness= 0 . 2 

=0.0 4.17 3.23 2.45 1.77 5.22 4.04 3.06 2.18 6.11 4.78 3.63 2.57 7.24 5.58 4 . 23 3. 01 8.53 6.73 4.95 3 .56 
=0.1 4. 42 3.43 2.62 1.90 5.56 4.37 3.32 2.38 6.58 5.19 3 . 99 2.80 7 . 80 6 . 12 4 . 62 3.26 9.30 7.18 5.53 3.91 
=0. 2 4. 69 3.70 2.82 2. 04 5.96 4.73 3.58 2.60 7.15 5.59 4 . 36 3.07 8 .49 6.56 5. 00 3.62 10.02 7.87 6 . 13 4 . 38 
=0. 3 5.05 4.00 3. 04 2.21 6 .45 5.17 3. 94 2.83 7 . 76 6.06 4 . 79 3.41 9. 27 7.29 5.52 3.99 11. 09 8 . 77 6.73 4 . 93 
=0.7 7.26 5.81 4.51 3.08 9.97 8.14 6.16 4.34 12.79 10.61 8 . 07 5.76 16. 13 12 .78 9. 96 7.24 19. 68 15.77 13.16 9.30 

Skewness = 0.5 

=0.0 3.99 3.13 2.38 1. 76 4.99 3.86 2.95 2.16 5.98 4.63 3 . 46 2.62 6.99 5.31 4 . 02 3 . 00 8.19 6.48 4 . 87 3.57 
=0. 1 4 . 24 3.35 2.57 1.89 5.30 4.17 3.17 2.35 6.43 5.03 3 . 79 2.89 7.54 5 . 77 4 . 46 3.31 8.90 7.03 5.35 3.99 

"" =0. 2 4 .52 3.56 2. 78 2.03 5.75 4.52 3.45 2.58 6.94 5.50 4 . 19 3.16 8 . 17 6 . 34 4 . 92 3 . 78 9. 71 7.81 5.91 4.41 " =0. 3 4 .86 3.87 2. 99 2.19 6. 24 4.95 3.80 2.85 7 .67 6.03 4 . 62 3.51 8 . 95 7 . 02 5 . 38 4 . 10 10.79 8.62 6.56 4.99 
"0. 7 7.07 5.70 4.35 3. 06 9. 77 7.89 6.12 4.4 7 12.89 1 o. 31 7.81 5.98 15.66 12.40 9 . 90 7.35 19.45 16.05 12.47 9.29 

LONGEST NEGATIVE RUN Lb~GT!i STANDARD DEVIATIONS 

Skewness = 0.0 

=0.0 1. 58 1 . 28 l. 02 .80 l. 76 1. 34 l. 08 .82 l. 85 1.33 1.11 .82 1.83 1.41 1.07 .81 1.88 1. 36 1.18 . 88 
=0 .1 1. 72 1. 40 1.12 .87 1.94 1.50 1. 22 .92 2. 03 1. 44 1. 25 .92 1.97 1. 51 1.17 . 91 2 . 05 1.55 1.48 1.02 
"0.2 1.89 1. 52 1. 26 .98 2. 10 1.62 1.37 l. 02 2.19 1.66 1. 32 l. 02 2.14 1. 65 1. 36 .99 2 . 14 1.58 1. 61 1.12 
=0 . 3 2.12 1. 72 1.40 1.10 2.35 1.80 1. 53 1.15 2 . 41 1.96 1.48 1.16 2.31 1.88 1.57 1.18 2 .43 1. 76 1.66 1. 23 
=0.7 3.99 3.33 2.82 2.35 4.43 3 .93 3.18 2 .54 4.38 4.08 3. 28 2.70 4.58 4. 21 3.34 2.89 3.75 3.93 3.42 2.85 

Skewness= 0.2 

=0.0 l. 68 1. 31 1. 04 .80 1.88 1.41 1 . 14 .83 1. 75 1.54 1.16 .so 1. 90 1.56 1. 08 . 83 2.02 1.43 1. 12 .74 
=0.1 1.83 1 .44 1. 15 .89 2.02 1.56 1. 28 .95 1. 95 1. 67 1.28 .88 2. 08 1.68 1.14 . 88 2.21 1.54 1. 24 .85 
=0. 2 1.97 1.60 1. 26 .99 2.16 1.81 1.39 1. 07 2.24 1.82 1.41 .99 2.43 1. 77 1.32 1.05 2.24 1.66 1.52 1. 08 
=0 . 3 2.19 1.82 1.43 1.12 2 . 37 2.07 1. 61 1. 22 2.41 1.97 1.59 1. 20 2.68 2.05 1.52 1.13 2.61 1.77 1.64 l. 27 
=0.7 4.00 3.49 3.04 2.39 4.51 3.99 3 . 28 2.57 4. 61 4. 24 3. 52 2.76 4.74 3.99 3 . 44 2 . 79 3 . 98 3.98 3. 72 2 . 85 

Skewness = 0.5 

=0.0 1.58 1. 29 1.04 .81 1.65 1.35 1. 02 .82 1.77 1. 40 1.08 .84 1. 76 1. 32 1.12 . 83 1.60 1.50 1.19 . 95 
"0.1 1. 70 1. 43 1.13 .89 1. 82 1.49 1.11 . 93 1. 92 1. 51 1.20 .97 1.96 1.39 l. 27 . 93 1.80 1.60 1. 26 1.04 
" 0.2 1.86 1. 54 1. 31 1. 00 2.10 1.66 1. 25 1. OS 2.11 1.69 1.41 1.10 2.16 1. 76 1.45 1.05 2.09 1.83 1.37 1. 23 
=0.3 2.07 1. 76 1.47 1.15 2.46 1.93 1.47 1. 24 2.39 1. 90 1.58 1. 25 2.59 1. 92 1.48 1. 25 2. 37 2.02 1.64 1.42 
"0.7 3.92 3.48 2.96 2.40 4.47 4 . 06 3.30 2.62 4 . 81 4.00 3. 42 2.88 4 . 66 4.15 3.43 2.88 3 . 79 4.27 3 .1 2 2. 77 



TABLE III - 2 

N"25 N"50 N"lOO N"200 N"500 

q"0.5 0.5 0.4 0.3 0.2 0. 5 0.4 0. 3 0 . 2 0.5 0.4 0.3 0.2 0.5 0.4 0.3 0.2 0.5 0.4 0.3 0.2 

LARGEST NEGATIVE RUN-SW.I ~1EANS 

Skewness = 0.0 

p=O. O 3. 60 2.66 1. 92 1.33 4.55 3.32 2.40 1. 73 5.55 3.95 2. 94 2.80 6.41 4.64 3.42 2 .44 7.56 5.54 4.11 2.95 
=0 .1 3 . 90 2. 87 2.05 1.40 5.01 3.64 2.62 1.84 6.15 4.38 3.26 2.26 7.03 5.16 3.80 2.66 8.64 6.32 4.62 3.29 
=0.2 4.22 3.11 2.19 1.47 5.50 4.00 2.86 1.98 6.85 4.90 3.59 2.48 7.95 5.82 4.28 2. 95 9.73 7.12 5.22 3.73 
"0.3 4.60 3.38 2.35 1.56 6.08 4.43 3.14 2.15 7.70 5.55 3.99 2.74 8.99 6.63 4.80 3.31 11.00 8.12 5.99 4.26 
=0 . 7 6.74 4.90 3. 27 2.07 9.99 7.30 5.00 3.22 13.57 10.01 6.94 4.67 17.38 12.84 9.21 6.41 22 .34 17.53 12.53 8.81 

Skewness " 0.2 

=0 . 0 3 . 61 2.57 1. 84 1. 21 4.50 3.26 2. 30 1. 53 5.36 3. 87 2. 76 1.85 6.38 4. 61 3 . 28 2. 21 7.51 5.44 3.84 2.70 
=0.1 3.91 2.78 1. 97 1. 27 5.00 3.59 2.50 1.65 5.95 4.32 3 .06 2. 02 7.20 5 . 21 3 . 69 2 .44 8 . 51 6 . 08 4.36 3.02 
=0.2 4 . 24 3.02 2.1 2 1. 35 5.50 3.98 2.76 1. 78 6 . 70 4.82 3.42 2.21 8.14 5.83 4.15 2.74 9.50 6.97 5.00 3.41 
=0.3 4 . 62 3.30 2.29 1.43 6.06 4.44 3. OS 1. 94 7.47 5.37 3. 84 2.45 9.18 6 . 65 4.64 3.06 10. 98 7 . 99 5 . 73 3.87 
=0. 7 6 . 73 3.83 3.29 1. 91 9. 92 7.39 4. 89 2.95 13.42 9.96 6 .89 4 . 14 17.84 12.78 8.81 5 . 57 23 .50 16 . 60 12.15 7.60 

Skewness " 0.5 

=0 . 0 3.15 2. 22 1. 53 1. 00 3.95 2.78 1. 92 1.30 4.81 3.31 2.25 1. 57 5.64 3.88 2 .69 1. 78 6.52 4.71 3.23 2.11 
=0 .1 3.44 2. 42 1.65 1 . 06 4.34 2 . 09 2 .1 0 1.40 5.37 3.71 2.51 l. 74 6.29 4.38 3.05 2.00 7.37 5 . 37 3. 70 2.44 

""" =0. 2 3.72 2.62 1. 78 1. 13 4.83 3.41 2. 31 1. 53 5.99 4.19 2.83 1. 93 7 . 59 4.98 3.46 2. 26 8.35 6.15 4.26 2.80 
co 

=0 . 3 4 . OS 2.86 1. 92 1. 21 5.39 3.80 2.55 1. 68 6.77 4.73 3.18 2.14 8.09 5.68 3.92 2.57 9.58 7.02 4. 91 3.24 
=0 . 7 5 . 94 4.19 2.70 1. 61 8 . 79 6.28 4.12 2.59 12.50 8.73 5. 70 3.74 15.69 10.87 7.62 4.88 19.05 15.34 10.31 6.47 

LARGEST NEGATIVE RUN-SU~l STANDARD DEVIATIONS 
Skewness = 0.0 

=0.0 1. 52 1.13 .88 .68 1.66 1.20 .93 .69 1. 75 l. 21 .92 .70 1.57 1.15 .97 .67 1. 75 1. 30 1.06 .72 
=0.1 1. 76 1. 31 1. 02 .77 1. 97 1.42 1.10 .so 2.04 1. 39 1.12 .83 1.88 1.33 1.11 .77 2 .13 1. 54 1. 23 .85 
=0.2 2.05 1. 53 l. 20 .88 2.30 1.65 1. 30 .94 2.34 1.63 1.32 .98 2.18 1.58 1.35 . 91 2.33 1.77 1.40 1. 01 ' =0. 3 2.40 l. 81 1.41 1. 03 2.70 1.96 l.$4 1.11 2.79 2.04 1.56 1.17 2.56 1. 95 1.63 1.13 2.75 1.98 l. 70 1. 23 
=0. 7 5.21 4.03 3.13 2.28 6.18 5.05 3.75 2.70 6.49 5.17 4. 01 3.15 7.10 5.64 4.23 3.69 6.90 6.27 4.76 3.68 

Skewness " 0. 2 

=0 . 0 1. 51 1 . 09 .82 .60 1.62 1.16 .87 .60 I. 55 1.19 .87 .61 1.83 1. 21 .87 .62 l. 82 1. 41 .81 .66 
=0.1 l. 75 l. 29 .97 .56 1.89 1.35 1.06 .73 l. 79 1.42 1.05 .73 2.16 1.46 1. 01 . 74 2.14 1.59 .99 .77 
=0 . 2 2.03 1. 52 1.14 .81 2.20 1.64 1. 26 .88 2.14 1. 66 1. 24 .87 2.60 1.68 1. 20 .91 2. 34 1. 78 1. 27 .92 
=0.3 2.37 1. 81 1. 34 .95 2.55 1. 99 1.53 1.07 2.49 1. 97 1.49 1. 06 3.05 2.01 1.39 1.14 2. 96 2.07 1. 57 1. 07 
=0.7 5. 02 4.03 3.13 2.09 5.91 5.10 3.68 2.55 6.52 5.31 3.96 2.94 7.16 5.16 3.91 2.83 8.92 5.52 4.50 2.89 

Skewness = 0.5 

=0.0 1. 30 . 96 . 68 .49 1. 37 l. 00 . 67 . 49 1.47 1.03 .67 .49 1.42 1.04 .77 .49 1. 32 1. 07 .76 .47 
=0.1 1. so 1.16 .81 . 58 1. 59 1.19 . 81 .60 1. 69 1. 20 .82 .60 1.62 1.18 .93 .60 1.69 l. 34 .92 .62 
=0 . 2 l. 74 l. 31 .97 . 68 1. 93 1.40 . 96 .73 1 . 99 1. 43 1.00 . 73 2.12 1.4 7 1.13 .73 1. 95 1.53 1.10 .76 
=0 .3 2.04 l. 57 1.15 .81 2.32 l. 70 1.17 . 89 2.36 1.74 1. 22 .89 2.41 1. 74 1.34 .90 2.24 1.77 1.30 .94 
=0. 7 4.40 3. 54 2. 55 1. 75 5.27 4.30 3. 01 2.20 6 .49 4.40 3 . 36 2. 53 6.45 4.56 3 . 51 2.63 6 . 22 5 . 63 3.29 3.55 



TABLE III - 3 

N=25 N=SO N=lOO N=200 N=SOO 

LARGEST NEGATIVE RUN-SU~I - ' 'n 

Skewness = 0.0 

p=O.O 1 . 20 .90 . 56 .17 l. -IS 1. 14 . 81 .4 7 1.67 l. 33 1. 03 .68 1.83 1. 50 1.19 . 86 2.00 1. 69 1. 38 1. OS 
=0.1 1. 27 .96 . 61 . 20 l. 54 1. ~2 . 88 . 5~ l. 76 1.43 1.13 . 75 l. 92 l . 61 I. 29 . 94 2.1 3 l. 82 1.50 1.16 
=0.2 1. 33 I. 03 .65 . 23 1.62 1. 31 .96 . 58 1. 87 1. 54 1. 21 . 84 2 . 04 l. 73 1.41 l. 04 2.25 1.93 1.62 l. 28 
=0.3 1.41 l. 09 .70 . 26 1. 72 1.40 1. 04 .65 l. 98 1. 65 1 . 31 . 92 2 . 16 1.85 l. 51 1.14 2.37 2.07 1. 75 1.41 

Ske\\lness = 0 . 2 

=0.0 l. 20 .86 .52 .08 1.45 1. 1 ~ .77 . 35 1.64 1. 31 .97 .56 1. 81 l. so 1.15 . 75 1.99 1.66 l. 32 .96 
=0.1 1. 27 .93 . 57 . 15 l. S.t 1. 21 .84 .41 1. 74 1.41 1.06 .64 1. 93 1. 61 1. 27 . 85 2 . 11 1. 77 1.45 1. 07 
=0.2 1. 34 .99 . 63 . 15 1. 63 1. 30 . 9~ . 47 1.85 1. 52 1.17 .72 2 . 05 1. 72 1 .38 .96 2.22 l. 91 1.58 1.19 
=0. 3 1.41 1. 06 . 68 .18 1. 72 1. -10 !. 00 . 53 1. 96 1.62 1. 28 .81 2 . 16 1.85 1. 49 1. OS 2.36 2.05 l. 71 l. 32 

.... Skewness = 0.5 
<0 

=0.0 1. 07 .71 . 33 - .11 1. 3~ . 96 .59 . 20 1. 53 1.15 .77 .4 0 1. 70 l. 32 .95 . 54 1.85 1. 52 1.15 .72 
=0.1 1.15 .78 .39 -. 07 1. 41 1. 06 . 67 . 25 1.63 1. 26 .87 . so 1. 81 1.44 l. 07 . 65 1.97 1.65 1.28 .86 
=0.2 l. 22 .85 .-I S - . 03 1. so l. IS . 76 .32 1 . 74 1. 38 .98 .59 l. 99 l. 56 1.19 . 77 2 . 10 l. 79 1.42 .99 
=0.3 !. 29 . 92 .so 0 .00 l. 60 1. 2-l . 84 .40 1. 86 1.49 l. 09 .68 2 . 05 l. 69 1. 31 . 89 2.23 1 . 92 1.56 1.14 

LARGEST NEGATIVE RUN-SU~l - o 
n 

Ske\\lness = 0. 0 

=0 .0 .41 . 41 .44 .48 . 35 .35 . 37 . 39 . 31 .30 . 31 . 33 . 24 . 24 . 28 . 27 . 23 .23 .25 . 24 
=0.1 . 43 .44 .47 . 52 . 38 . 38 . 40 .42 .32 . 31 . 33 .36 . 26 . 25 . 29 . 29 . 24 . 24 .26 .25 
=0 .2 .46 . 4 7 .51 , 55 .4 0 .40 .43 .45 .33 .32 . 36 . 38 .27 . 27 . 31 . 30 . 24 .24 . 26 .27 
=0.3 . 49 .so .ss . 60 .4 2 .42 .46 .49 .35 .36 . 38 .41 . 28 . 29 .33 .33 . 25 .24 . 28 .28 

Ske\\lness = 0. 2 

=0. 0 .40 .41 .42 .4 7 .35 .35 . 37 . 38 . 28 .30 .31 . 32 .28 . 26 . 26 . 28 . 24 .26 .21 . 24 
=0.1 .43 .44 .46 .42 . 37 . 37 . 40 .42 . 29 . 31 .33 .35 .29 . 28 . 27 .30 . 25 .26 .22 .25 
=0. 2 .45 .47 .so .55 .39 .40 .44 .47 . 31 .34 .35 .38 .31 .28 . 28 .32 . 24 .25 .25 .27 
=0 . 3 .48 . 51 .54 .60 . 40 .43 . 47 . 51 .32 . 36 .37 .41 .32 .29 . 29 . 36 . 27 .26 .27 .27 

Ske\\lness = 0 . 5 

=0.0 .40 .41 . 43 .46 . 34 . 35 . 34 . 36 . 30 .30 . 29 . 31 . 25 . 26 . 28 .27 . 20 .22 .13 .22 
=0. 1 .42 . 45 .47 .51 . 36 .37 .37 .41 . 31 . 31 .31 . 33 . 25 . 27 . 30 . 29 .23 .25 .25 .25 
=0.2 .44 .47 . 51 .56 . 38 .39 . 40 .45 . 31 .33 .35 .37 .27 . 29 . 31 . 31 . 23 . 25 .26 .27 
=0. 3 .48 . 51 .55 . 61 .41 .43 . 44 . 50 .34 .36 .37 .40 .29 . 30 . 33 . 34 . 23 . 25 .26 .28 



TABLE III - 4 

N=25 N=SO N= lOO N=200 N=500 

q=O.S 0.5 0 .4 0.3 0.2 0 . 5 0.4 0.3 0.2 0.5 0.4 0.3 0.2 0 . 5 0 .4 0 . 3 0 .2 0 . 5 0.4 0 . 3 0.2 

lONGEST NEGATIVE RUN- LENGTH - 1J 
n 

Skewness = 0.0 

p=O.O l. 30 l. 08 .78 .47 l. 55 l. 29 1. 01 . 71 1. 76 l. 48 1. 20 .90 1. 92 1.65 1. 35 1.07 2 .09 1. 82 1 . 55 1. 25 
=0.1 1. 37 1.14 .85 .53 1.62 1. 37 1. 10 . 79 l. 82 l. 56 1. 28 . 99 1. 96 1.73 1.46 1.15 2 .18 l. 91 l. 65 l. 34 
=0. 2 1.43 l. 20 .91 .61 J. 69 1. 44 1. 17 . 87 J. 90 1 . 65 1. 36 1. 07 2.06 1. 81 1. 55 1. 27 2 . 26 2.00 l. 75 1.47 
=0. 3 l. 50 l. 27 . 98 .67 l. 76 1. 51 1. 26 . 94 l. 98 1. 74 1 .46 1.16 2.16 1 .91 1. 64 l. 37 2 . 36 2 .09 l. 85 1 . 57 

Skewness = 0 . 2 

=0.0 l. 35 1.10 .81 .48 l. 59 1. 34 l. 05 . 71 1. 77 1. 51 1. 24 .90 1. 95 l. 68 1.41 l. 07 2.12 1.88 1. 57 1.25 
=0.1 1.41 1.15 . 88 . 54 1.65 1.42 1. 13 . 79 1. 84 1.60 1.34 . 98 2. 02 l. 78 1 .50 1.15 2 . 20 l. 95 1.69 1. 34 
=0. 2 1.46 l. 22 .95 . 61 1.72 J. 49 1.20 . 88 1. 92 1.67 1.42 1.07 2 . 10 1.85 1.58 1. 25 2.28 2 . 04 1. 78 1.45 
=0.3 1. 53 1. 29 1. 01 .68 l.80 1 . 57 1 . 29 .95 2.00 1. 75 l. 51 1.17 2.19 l. 95 1. 67 1.35 2.38 2.15 1.88 1.56 

Skewness = 0.5 

=0 .0 1. 31 1.06 .78 .47 l. 56 l. 29 1. 03 .70 1. 75 1.49 1.19 .91 l. 91 1. 64 1.35 1.06 2. 08 1.84 1. 55 1. 24 
=0.1 l. 37 1.13 .86 .54 1. 61 l. 37 1.10 . 78 1. 82 1. 57 J. 28 1.01 1. 99 1. 72 1.46 1.16 2.17 1. 92 1.65 1.35 

"' =0.2 1.43 1.18 .92 .60 1.69 1. 45 1.18 . 87 1. 89 1.66 l. 38 1.09 2. 07 1.81 1.55 1. 29 2 .25 2 . 03 1. 75 1.45 0 
=0.3 1. so 1. 26 . 99 . 66 J. 76 J. 53 J. 27 .96 1. 99 I. 75 1.48 I. 20 2 . 15 l. 91 1.65 l. 37 2.35 2 . 13 1.85 1.57 

LONGEST NEGATIVE RUN- LENGTH - o 
n 

Skewness = 0.0 

=0.0 .38 .39 .41 . 43 . 34 . 34 . 36 . 37 . 30 . 29 . 31 . 31 .26 .26 .26 .26 .22 . 21 . 24 . 24 
=0.1 .39 .40 . 42 . 44 . 35 .35 . 37 . 37 . 31 .29 .32 .32 .26 .26 .26 .27 . 22 . 22 . 27 . 25 
=0. 2 .40 .40 . 44 .4 5 . 36 . 35 . 38 .38 . 31 .30 . 31 .32 .26 . 26 .27 . 27 . 21 .21 . 26 . 25 ,, 

' =0.3 .42 . 42 .45 .47 . 37 .36 .39 .40 .31 .32 .32 .33 .26 .26 .29 .28 . 22 . 21 .25 . 24 

Skewness = 0.2 

=0.0 .39 .39 .41 . 43 .35 . 34 .36 . 37 .28 .31 . 31 .30 .26 . 28 . 25 . 27 . 23 .21 . 22 . 21 
=0.1 . 40 . 40 .42 .45 . 35 .35 .37 .38 .29 .31 .3] .31 .26 . 27 . 24 . 27 . 24 . 21 . 22 . 21 
=0 . 2 .40 . 41 .43 .46 .35 . 37 . 38 .40 . 31 . 32 .32 . 31 .28 .27 . 26 . 28 .22 . 21 .24 . 24 
=0. 3 .41 .44 .45 .48 .36 .38 . 39 .41 . 30 .31 .32 . 34 .28 . 28 . 27 .28 .23 . 20 . 24 .25 

Skewness = 0 . 5 

=0.0 .38 . 39 .42 .44 .32 . 34 . 34 .37 . 29 . 30 .31 . 31 .25 . 25 . 27 .27 . 19 .23 .24 .26 
=0.1 .38 .41 .42 .45 .33 .35 . 34 . 38 . 29 .29 .31 .33 .26 . 24 . 28 .28 .20 .22 .23 .26 
=0 . 2 .40 .41 .45 .4 7 .36 .36 . 35 . 39 . 30 . 30 .33 . 34 .26 . 27 . 29 . 27 .21 . 23 . 23 .27 
=0 . 3 .41 . 43 . 46 .49 .38 .38 . 37 .4 2 .30 .31 .33 .35 .28 .27 . 27 .30 .22 .23 .25 . 28 
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Abstract: A &ethod is presented (or COlllputln& the probabilit)' or recurrence period 
of historical droughts by using the longest negati\'c nm-lcngth and the 
largest neeatj\'e run-s• as basic para~~eters of saaples of a gi,•en site, 
and by u~ine a ah·cn vrobabtltty of the truncation le\-el, a gh-en auto­
correlation coefficient, and a aiven ske..-ness coefficient. The applica­
tion of this ttethod to selected 3Jinual runoff and precipitation series 
de110nstrate its feasibi l ity. The statistical el.periw.enta l aethod in 
generating laree numbers of swoplcs is used to compute frequency 
distributions as the estlutes of probability dist ributions of the 
longest negotlve ruu-length nnd of the largest negative run-stR in a 
sample of size N , n~ dcsc ~·iptors of the largest historical drou~hts. 
for nora::tl nnd nonnot'~:t::tl independen t and dependent stationar y stochastic 
processes which follows the first - order linear aut oregressi ve ..odel . 
t;xpor i mental Jy obtained vn lues ar·e checked ~i th theorctica 1 results for 
the distribution of the Jon~est ncg3tivc t·un-length when the observa­
tions are inJopcndent. A set of grnphs and a set o f tables are 
presented to m3le the nUIJicricol \'Bl ues .-cad i ly usable. Good approxil~a­
tions for prtlctic:tl coltpUU~ tions arc Je.anstrated by fttti ng lognor nal 
probabi lity distrlbutlons to the experimentally obta ined frequencies . 
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Abstract: A ..,thod is prosenled for COI<puling the probability or recurrence period 
of historical drougl1ts by usln;: the longest negative run-length and the 
lara:est neentive nm-sua as basic par-a.cters of sampl~s of a given size. 
and by usin& B &ivcn prob::tbillty of t he truncation Jevel. a gh-en auto­
correlation coefficient, and a liven sLc.mess coefficient. The applica­
tion of this M:t.hod to sel ected iil.nnu31 runoff and precipitation series 
de-.onstrate its feasibility. The statistical cxperiuental method 1n 

generating larce numbers of s~pltJs is used to coroq>ute frequency 
distributions as the estia.atcs of probability distributions of the 
Jongcst ncgntivo run-len&,th and of the largest negative run-surt in a 
samp le of size H , as ..Je.scriptors of the largest historical droughts. 
for noTD:ll and nonnor1n.1l indepemJent and clependcnt stationary stochastic 
processes "''hich fol lows the rirst- order linear autoregressive ~del . 
Expcl'iaentnl ly obtn tned v01lues are chccled with t heoretical resul t s for 
t he distribution of the tontcost negative t'un- length when the observa­
tions are independent. A set of graphs and a set of tables are 
presented to mo~e the nUliC J"ical va l ues readily usable. Good -3pproxiaa­
t ions for prnct i ca I COIIIIJ>Utilt ions are dcllOnstrateJ by fit ting lognorma l 
probability distributions to the cxperi~~entally obtained frequencies. 

Reference: t.Jillan, J.timc ond Vujica Y~vj ovich , Colorado State University, 
llyurol ogy Papo1• No. SO (Juno 1971) " Probab i lities of Obser ved Droughts'" 
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A oethod is presented for coerputing the probabi li: tr or rec.l!rrence period 
of historical droughts by using the longest ne6.1th·c run-length anJ the 
lar~est negat ive run- sua as basic parameters of sa.-p les or a gh·en siz.c, 
and by u.sing a gh-en probability of the trwu::ation lC\'el, a given &\..to­
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tion of this a.-ethod to selected annu:tl runoff and precipitation series 
de.onstrate its feasibility. The Slatistical e>:perimenul method in 
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distributions as the esti.ates of probability distributions of the 
longest negative run- length and of the largest negative run· SUil ln a 
saaplc of size fooi , as descriptors of the largest historica l droui!hts, 
for nor1oal and nonnormal independent and ..Jcpondcnt stationnry stochastic 
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l:.xperiJilcntally obtained values arc chc:c~ed wi th thcorctica J ru~ull::i for 
the distribution of the longest negative run-length when the observa­
tions are independent. A set of graphs and a set of tables arc 
presented to 1nake the munerica l value-s readily usable . Good apvroxlma­
tions for practical computations are demonstrated by flt.t.i •\8 logno1·mal 
probability distributions to the experimentally obtained frequencies. 
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generating large nlDbcrs of saiaples is used to coaputc frequency 
distributions as the esti:aates of pf"obabil i ty di st d but ions of the 
longest negative run- l ength and of the largest ncg:nivc r;..n·su. tn a 
scurplc of s1ze N • as descriptors of the lar~:cst histortcal drou,hts. 
for non~a l and nonnormal independent and dependent stution~ry stochnstic: 
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tions are independent . A set of graphs and a sot of tobJcs nrc 
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tions for practical computations are demonsu·ated by fttting lo,norrta:.ll 
probabi 1 i ty Jist ributions to the expcr imenta lly obta l ned frcquon~ ies. 
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