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WHAT IS ALL ABOUT... 4  METHODOLOGY COMPARING THE 5- AND F~MAXIMA (1)

* For each year and for all records we estimated the missing values (MV’s), percentage, i.e., as the ratio of the number
of hourly values missing within the the year to the total number of values. We assumed as valid years only those

10 EMPIRICAL DISTRIBUTION OF A-FACTORS (I)
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Overlapplng time intervals, €.8- 11 dally intervals, and thus the annual maximum value ii. The fixed-interval maximum value by aggregating the hourly values over the year in k-hour non-overlapping intervals
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The Hershfield factor (/) essentially constitutes a multiplier aiming to correct the having less than 1/12 of MV’s, i.e., on total less than a month missing within the year. E g0 E s
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error between fixed time interval maxima (/~maxima) and sliding maxima (- e In these “valid” years the MV’s were replaced with the record’s median precipitation value. 8 5 % % i
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maxima) as a direct consequence of temporal discretization of hydrometeorological « Tor valid years we estimated: 3 or 2 Z Z :
time series. Rainfall is typically recorded as an accumulated value in fixed non- i. The sliding maximum value at several time scales k by sliding a k-hour moving window over the year and extracting the E & x %
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expresses the maximum value of these fixed recordings over a year period. Yet if and extracting the maximum of the resulted values. _

measurements at a finer time scale are available, e.g., hourly, then the annual daily & * We estimated the H-factors as the ratio of the S-maximum value to the F-maximum value. — | 1 T | PR,
maximum, i.e., the annual maximum value resulting by sliding a 24-hour time interval * We performed this analysis for the following time scales given in hours: {2, 4, 6, 8, 12, 16, 20, 24, 30, 36, 42, 48, F-Maxima S—Maxima F-Maxima S—Maxima 2-h H~factor 4—h H—factor

starting at any hour of the year, in general, is different than the /~maximum value. The 2064, 72) 2 T ' T 2 ' T s0000 | s0000 |

H factor attempts to correct for this error. Multiplying the F~-maximum, which can be 2 =T o [@ Somadima 1: g’ '202 1 g - : —1 400005_ 1000

considered as a random variable, with the /factor, theoretically should result in the $- “g’ 2007 | 1:60 _ ? g 100 § - : s

maximum random variable. This implies that the location and scale characteristics of E; 5ol | ‘ l s 150} ;i 80; § ‘:Z; ;g 300005- : 300005-

the $maximum distribution are explicitly related to the value of Aand to the - AW L o2 V] \ r ‘ f | § 140 § o0} § N 5 w0 § 000 p

characteristics of the maximum random variable, while its shape characteristics will E i it \ V |, | } N = 1307 s wf s 10000 | 10000 |

be exactly the same as those of the F-maximum distribution. This study further ;Ié’ S0F :z é 0f —1 :E 20; | 0 [ O e O O O e e
explores the validity of this well-accepted assumption. In order to verify or discard AN | | | | | ol | | | o Py VI = F_;;ma v v - '; - o - - - - o t”) . .
this assumption we perform an unprecedentedly large empirical analysis based on ’ 10 2 ¥ 0 : ’ 0 2 ¥ * Y o o

thousands of hourly rainfall records across the USA. Fig. 3. Sliding and fixed intervz(;i;axima of a randomly Fig, 4. Estimated 24 h H—fact:;a;rom Fig. 3 as the ratio Fig. 9. Box plots of the estimated annual sliding and fixed-interval maxima for the following time scales: 2 h, 4 h, 8 h and 12 h. The Fig. 14. Empirical distributions of the estimated H factors for the following time scales: 2 h,4 h, 8 h and 12 h.

_ outer fences of the box plots express the 95% empirical confidence interval.
selected time series. of §- to F-maxima.

A QUICK REVIEW 5 STATISTICS OF S-MAXIMA E COMPARING THE 5- AND F~MAXIMA (II)

o  Hershfield and Wilson (1958): They report a multiplier of 1.13 for converting "...observation-day rainfall for a particular frequency to the maximum 1440-

minute rainfall for the same frequency". They find the same multiplier for converting clock- hour to 60-minute extremes, which they consider to be Table 1. Basic summary statistics of sliding maxima at various time scales - ' F ' : 50000 1 i
coincidental ( they neglect to give clear details on the data and methods used to estimate Hershfield's factor). S 200 [ [ SU000 i
o  Hershfield (1961a) - U.S. Weather Bureau Technical Paper 40 (TP40): also a popular reference for the 1.13 (H) factor. They concluded that: "It was found that Scale No of yrs Median Mean SD ¢, Cs Cy T2 T3 Ty I _ ! L 20000 i
1.13 times a rainfall value for a particular return period based on a series of annual maximum clock-hour rainfalls was equivalent to the amount for the same 2-h 121165 32.00 35.65 23.50 0.66 4.51 89.86 0.33 0.21 0.15 = 150 3 [ i 40000 |
return period obtained from a series of 60-minute rainfalls. By coincidence, it was found that the same factor can be used to transform observational-day 4-h 121165 39.37 44.32 28.36 0.64 551 200.08 0.31 0.22 0.17 3 [ = 150 i :
amounts to corresponding 1440-minute return-period amounts."” Thus, they have exactly the same empirical conclusions with the 1958 paper. The approach 6-h 121165 44.45 49.86 31.11 0.62 4.64 141.51 031 0.22 0.18 ' ' [ > 30000 | > 20000 |
is empirical, and they appropriately call the 1.13 factor: an "average index relationship". 8-h 121165 48.26 54.05 33.31 0.62 417 110.73 031 0.22 0.18 o0 - I : :
. Howgver, the data used are obsolete (Faiers et al.,, 1994, Huff and Ang'el (1992)). Huff and Angel (1992) suggested that the spatial distribution of tbe TP40 12-h 121165 5334 60 14 36.67 061 3.60 78.91 0.30 022 0.19 I 100 20000 I
data is poor, and showed that the TP40 data do not appropriately depict extreme values for several states. Furthermore, over half of the data used in TP40 16-h 121165 57 66 64.61 39.35 0.61 3.27 61.93 0.31 0.23 0.19 : i : I \ 20000 f
were derived from station records of less than 15 yr. (Faiers er al., 1994). . . ' : : ' : : . - [ [ r
o  Hershfield (1961b): also graphically displays (slope) the 1.13 value. 20-h 121165 ol .20 Ll Lol L 51.42 L 025 0.19 [ i 10000 F 10000 k
e Weiss (1964): model study: he used a simple probabilistic model, based on uniform rainfall intensity for sliding maxima. He found H=n/(n - 1/8) for maxima 24-h 121165 63.50 71.46 43.72 0.61 2.90 44.06 0.31 0.23 0.19 X I [ [
with sliding starting point, with constant intensity and with a random length between (n - 1) and n time units (a correction to the approach was suggested by 30-h 121165 66.04 75.42 46.34 0.61 2.75 37.06 0.31 0.23 0.19 I : ) I . I
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Dwyer and Reed (1995a)). 36-h 121165 68.58 78.40 48.51 0.62 2.68 32.79 0.31 0.24 0.19 C PE——— I S —
e Kerretal. (1970): Empirical approach. Data from 45 gages (state of Pennsylvania, USA), with at least 17 years of length, each, for the 24 hour H factor, and 60 42-h 121165 71.12 80.87 50.36 0.62 2.65 30.40 0.31 0.24 0.19 : — — 1 8 20 | I8 20
min. H factor. Gumbel distributions are fitted at each. The data quality is poorly described. 48-h 121165 72.90 83.20 52.28 0.63 3.45 8211 0.31 0.24 0.19 S—Maxima F—Maxima S—Maxima 24—h H—factor 36—h H—factor
e Harihara and Tripathi (1973): similar approach with Kerr et al. (1970) for daily H factor. Data from 67 gages in India. Only 5 gages have length greater than 25 56-h 121165 75.18 86.03 54.58 0.63 4.81 198.23 0.31 0.24 0.19 1 )
years. Significant bias from data, 64-h 121165 76.71 88.32 56.19 0.64 4.66 179.80 0.31 0.24 0.19 e o il ' ' 50000 | 50000 [
e  Natural Environment Research Council (1975):Empirical approach. 50 stations from around the UK - data quality not clearly specified. 24h H value: 1.11, 72-h 121165 78.74 90.62 5774 0.64 4.53 164.56 0.31 0.24 0.19 g 200 | & [ I I I
60min H value: 1.15. .5 - —_— - ool L [ [
e van Montfort (1990): Only 1 station (New Zealand) of 58 years of data was used - the analysis is sample-dependent. He examined the problem of estimating oo FTTTT 1 = 5 I ” 40000 | o, 40000 &
extreme value distribution parameters for sliding maxima, given that only fixed maxima are available. Denoting, for year i, the sliding 24-hour maximum by ® Median W_L L + & = 150 | :§~ I S : § !
A,; and the fixed 1-day and 2-day maxima by F,; and F,, respectively, van Montfort utilizes the inequality F;; <A,;< F,, to estimate GEV parameters for the < SO A g/']ga“ 5 030 o 1 § s § i [ 230000 F 230000 [
sliding maxima using only the fixed maxima. The maximum likelihood method is used. Mean annual rainfall correction: 1.15. 50-year rainfall: 1.14. g 0 = §= A T3 g‘ 2‘ r g ; I
e  Huffand Angel (1992): Empirical approach. "Analysis verified the earlier findings that 1.13 represented the average ratio of maximum 24-hour to calendar- g é m 7y E ool E L —E 20000 [ -g 20000 _
day rainfall in heavy rainstorms." Data: using all recording raingage data for the period 1948-1987 in Indiana (41 gages) and Illinois (61 gages). The 1.13 Jo60F 025 iz I ‘% 100 L 2‘ i 2 :
factor was used accordingly, to develop frequency distributions for storm maxima for the USA midwest. = f = E [ : I
o Faiersetal. (1994): Empirical approach. Data: 14 stations in the state of Louisiana (USA), length of greater that 20 yrs each gage. They agree that 24h H=1.13. A S0 ; [/—-—-_‘ E E i 10000 |- 10000 _
e Dwyer and Reed (1994): they attempted to examine the problem from different theoretical perspectives; they show that many climate variables (rainfall, *;5 40 b B 020 g I % 50 I i
wind speed and air temperature) exhibit simple scaling behavior. Their method is relatively simple. Data: less than ten records for each variable. They come % T ——— i < i = I of! | | ) | | ok
up with H-Duration relationships (from regression) for each variable. 30 - f % I é [ - o 12 14 1s 18 20 | '0 T '2 T '4 T |6 T |8 ' ' 2'0
e Dwyerand Reed (1995a): The Dwyer and Reed (1994) approach is followed here. Quite few (~20 for rainfall, and less than 10 for other variables (i.e., wind - . - . — — ‘ ' ' ' ' '
speed and air temperature)) sites (UK,Australia, South Africa) for each variable. They come up with H-Duration relationships (based on regressions) for each 0L 2468 12 16 20 24 30 36 42 48 56 64 72 015 ;4 68 12 16 20 24 30 36 42 48 56 64 72 F=Maxima S~Maxima F'=Maxima 5—Maxima 48~h [1-factor 72—h H—factor
variable (same as Dwyer and Reed (1994)).
*  DwyerandReed (1995b): examined the re_latml? Of_HtO_ the fracuofl of wet hour_s' L _ e fime scale () ekl Fig. 10. Box plots of the estimated annual sliding and fixed-interval maxima for the following time scales: 24 h, 36 h, 48 h and 72 h. Fig. 15. Empirical distributions of the estimated H factors for the following time scales: 24 h, 36 h, 48 h and 72 h.
e van Montfort (1997): same type of theoretical distribution was assigned to maxima over fixed intervals and to maxima over sliding intervals. The factor # Fig. 5. Summary statistics of sliding maxima vs. time Fig. 6. L-ratios 7,, 7; and 7, of sliding maxima vs. time Th ¢ fthe b l he 950/ el fid _ l
turns out to be associated with location, positively correlated with autocorrelation and positively correlated with the fraction of wet days. Data: A Data set scale scale. e outer fences of the box plots express the o empirical confidence interval

(China) with 130 stations over 30 years.

THE DATA 6 STATISTICS OF /~-MAXIMA n STATISTICS OF /4-FACTORS

12 CONCLUSIONS

* We analyzed a very large database from the National Climatic Data Center (NCDC) that comprises hourly Table 2. Basic summary statistics of fixed-interval maxima at various time scales Table 3. Basic summary statistics of H factors at various time scales  Hershfield's factor is an important quantity as it corrects for the effects of the temporal discretization and thus
precipitation data from thousands of stations from all over the Unites States. The original precipitation data were — : can be crucial for quantifying better rainfall extremes and leading to a safer hydrological design.
' . . Scale No of yrs Median Mean SD C, C, C. T, T, T, Scale Noofyrs H=1 (%) Mode Median Mean SD C, C, Cy T, T, T, _ o
given in hundreds of inches and were transformed to mm. >h PR VT e T v e g s . G 2-h 121165 5t g7 1 1.00 1.09 016 014 217 .03 0.06 055 022  Here, we performed an unprecedentedly large analysis of thousands of hourly precipitation records across the
. . . 4-h 121165 3556 40.04 25 77 0.64 498 129.35 0.31 0.22 0.17 4-h 121165 36.54 1 1.05 1.12 0.16 0.14 1.87 6.83 0.07 0.43 0.14 USA. We estimated the annual sliding and fixed-interval maxima for more than a 100 000 years and for several
* The records are of variable length ranging from just a few years to more than 50 years. 6-h 121165 40.13 44.81 28.27 0.63 5.27 191.29 0.31 0.22 0.18 6-h 121165 31.23 1 1.06 113 0.16 0.14 1.80 6.46 0.07 0.41 0.14 time scales in order to estimate the H-factors.
, , . , , 8-h 121165 43.18 48.29 29.91 0.62 3.79 74.23 0.31 0.22 0.18 8-h 121165 28.29 1 1.07 113 0.17 0.15 175 6.21 0.07 0.39 0.13 . . S . . . .
» All data used at larger than the hourly time scale were constructed by aggregating the original hourly time series. 12-h 121165 48.26 £3.65 33.11 062 418 11173 0.31 022 015 12-h 121165 27.82 1 1.07 113 017 0.15 1.72 6.01 0.07 0.39 013 e We examined the assumption that the distribution of $- and F~maxima differs also in its shape characteristics.
. . - . o . _ 16-h 121165 50.80 57.45 35.40 0.62 3.75 87.65 0.31 0.22 0.19 16-h 121165 26.84 1 1.07 1.14 0.17 0.15 1.67 5.74 0.08 0.39 0.13 We found that sample shape measures as the L-ratios (7,, 73, 7,) essentially do not significantly differ, implying
 Particularly, we studied 7 127 records of hourly precipitation and we estimated the sliding and fixed-interval 20-h 121165 5334 60.51 3737 0.62 354 74.17 031 023 0.19 ;2-: 121162 26.02 1 1.07 1.1: 0.18 0.16 1.26 5.66 0.08 0.39 0.13 thus that the distribution in terms of shape remains the same.
maximum precipitation for every year and for every record. The result was an unprecedentedly large number of 24-h 121165 55.88 62.80 38.89 0.62 3.32 63.70 0.31 0.23 0.19 ; 12116 23.83 1 1.08 L1 0.19 0.16 1.58 31 0.08 0.37 0.12 . . . . .. .
_ pl P _ " Yy - y . | P y-aig 30-h 121165 £8.42 66.40 41.10 0.62 3.06 £ 14 031 0.23 019 30-h 121165  25.57 1 1.08 1.15 0.18 0.16 1.61 5.40 0.08 0.38 0.12 e We verify that the difference between the $- and the /~maxima distributions lies in the mean and in the
estimated values, i.e., more than 100 000 years for each time scale. 36-h 121165 £0.96 £0.28 4300 062 297 1629 031 023 019 36-h 121165 27 49 1 1.07 114 0.18 0.16 166 5 61 0.08 0.40 0.13 standard deviation values.
42-h 42-h 121165 28.39 1 1.07 1.14 0.18 0.16 1.68 5.67 0.08 0.40 0.13 . . . . .
— — o ol 0.63 vy 183 — - — 48-h 121165 2753 1 1.07 115 0.19 0.16 L& 5 s 0.08 0.40 0.13 e We estimated thousands of A-factors and for several time scales. Our estimates are in agreement with the
48-h 121165 64.26 73.52 46.32 0.63 2.84 37.51 0.31 0.24 0.19 : : : : : : : : : : _ . o _
56-h 121165 66.04 75 98 4793 0.63 5 77 34.07 0.32 0.24 0.19 56-h 121165  27.88 1 1.07 1.15 0.19 0.16 1.65 5.55 0.08 0.40 0.13 values given in literature. We note though that our analysis is by far the largest one in terms of number of
64-h 121165 68.58 78.28 49.53 0.63 2.77 32.52 0.32 0.24 0.19 64-h 121165 19.94 1 1.07 1.14 0.18 0.16 1.69 5.69 0.08 041 0.13 stations analyzed if compared to other related studies.
[ 72-h 121165 69.60 80.04 50.63 0.63 271 30.56 0.32 0.24 0.19 72-h 121165 17.38 1 1.07 1.15 0.19 0.16 1.64 5.49 0.08 0.39 0.13 . . . .
b e Itis worth noting that the values of A-factors used in practice so far are mean values. Yet, the mode and the
~ 200 | 80 FTTTT 0.55 (% , median values (see Table 3), which essentially express more probable values, differ from the mean and are
= . G} i ® Median W 4 + 4 ” ®
E SUp Mean £ 0.50 Aol markedly smaller.
: & = 70| |A 0.30 -+ z
S I = 150 = m SD s O ® . 5 o8 , 045 bl il
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