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Abstract. In this article, the Probable Maximum Precipitation (PMP) evaluation
is done using a spatio-temporal approach — Diaconu’s method — for a set of data series
collected in the Dobrudja region for 41 years. The results are compared with those
obtained by applying the classical method of Hershfield and the advantages of each
method are emphasized.
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1. INTRODUCTION

According to the World Meteorological Organization 2009 — WMO 1045 —
Manual on Estimation of Probable Maximum Precipitation (PMP) [1], PMP represents
“the theoretical maximum precipitation for a given duration.” This concept relies
on the hypothesis that the estimated PMP value is so high that the probability that
an event producing a rainfall amount higher than PMP is extremely small, so there
is no risk associated with the exceedance of the PMP value.

The PMP determination is important for the Probable Maximum Flow (PMF)
computation in the context of flood/flash flood estimation and dam or other’s
hydraulic structure design [2]. In the climate context, estimated PMPs can be the
input of hydrological models that investigate possible values of PMF [3].

Many researchers [4-6] provide different methods and classifications for
PMP evaluation. In the latest version of the WMO 1045 Manual [1], six methods
for PMP estimation for medium or low latitude zones and two methods for large
basin areas are presented. In an attempt to group them, six categories have been
determined, based on the methodological background, among which are statistical,
empirical, computational, and generalized [5, 6]. Another classification of these
methods distinguishes only two classes — meteorological and statistical [4], the last
relying on frequency analysis. It includes the method proposed by Hershfield in
1961 [7] and modified in 1965 [8], which proved to be successfully used for
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catchments under 1000 km?. WMO [9] recommended utilizing the Hershfield
method (denoted in the following PMP_H) only when long daily rainfall records
are available at the meteorological stations.

For many years, the Hershfield method was the most common and simple
approach for frequency precipitation analysis in the U.S. In 1999, Koutsoyiannis
[10] used Generalized Extreme Value (GEV) distribution to fit the frequency
factors calculated utilizing 2645 records initially utilized by Hershfield. Fitting a
linear function of mean annual maximum rainfall and using it as a shape parameter
in GEV, Koutsoyiannis retrieved the same result as by PMP_H.

The Gumbel distribution has been the most recommended model to analyze
extreme precipitations. However, in 2004, Koutsoyiannis [11] proved that EV2 is a
more consistent alternative to the Gumbel distribution. The Weibull distribution
has also been suggested for modeling daily rainfall amounts [12, 13]. Recently,
several authors have used more powerful methods (for example, the L-moment
one). In this context, Bonnin [14] fit a GEV distribution to the precipitations in the
USA. Pilon [15] selected the GEV for the data in Ontario, Canada. Deidda and
Puliga [16] find some weak evidence for the Generalized Pareto distribution for
left-censored records in Sardinia. Based on research results conducted in the
Seyhan river basin in Turkey, Gumbel, log-Logistic, Pearson type Ill, log-Pearson
type Ill, and log-normal-3 distributions were applied to the series of annual
instantaneous flood peaks and annual peak daily precipitation.

In Romania, a spatial-temporal method was developed by Diaconu [17] and
used to evaluate the PMP (denoted in the following PMP_D) for an area greater
than 10000 km? utilizing a data set of 24 h maximum precipitation recorded at 19
stations in South Eastern part of the country. Still, only a few studies benefit from
applying this methodology [17-20]. Therefore, in this article, we present the PMP
evaluation by PMP_D and discuss the results versus those obtained by PMP_H on
data series collected in the Dobrogea region, Romania, for 41 years. The
advantages of each method are also emphasized. This approach is new, given that
no article offers such a comparison.

2. DATA SERIES AND METHODOLOGY

2.1. DATA SERIES

The Dobrogea region (Fig. 1), with a surface of 15700 km?, is situated in the
southeastern part of Romania, between the Black Sea, the Danube River, and the
Danube Delta. From a climate viewpoint, the region is divided into two parts —
a belt of about 70 km from the Littoral, influenced by the Sea, and a continental-
temperate part in the rest. Last 50 years, the average annual temperature in the
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region has been about 11°C. Dobrogea is the arider zone in Romania, with drought
periods from four to six months. In the last twenty years, long periods without
precipitations were followed by days with very high quantities of water in a single
day. Extensive studies on the temperature and precipitation trend are presented in
[21-25]. The studied series contains the maximum 24 hour precipitation recorded
in the Dobrogea region, Romania. The number of years and the highest 24 h
precipitation value recorded are given in Table 1.
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Fig. 1 — The map of the Dobrogea region.
Table 1
The locations, series length (years), and the highest 24 h rainfall (mm)
. Latitude Longitude Elevation no of Highest observed
1D Location :
(degree) (degree) (m) years 24h rainfall (mm)
1 Adamclisi 44.08 28.00 158 40 83.3
2 Cernavoda 44.21 28.03 87.17 41 73.6
3 Medgidia 44.15 28.16 69.54 36 84.6
4 Harsova 44.41 27.57 37.51 39 96.7
5 Corugea 44.44 28.20 219.2 36 114.8
6 Tulcea 45.11 28.49 4.36 36 1345
7 Constanta 4413 28.38 12.8 41 201
8 Mangalia 43.49 28.35 6 40 146
9 Jurilovca 44.46 28.53 37.65 21 79.9
10 Sulina 45.09 29.39 2.08 40 84.9
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2.2. THE DIACONU’S METHOD

Diaconu’s method is presented here based on [17-19, 26]. This is a spatio-
temporal analysis of the 24 hour design rainfall.

To have an image of the studied data, the basic statistics of the series (the mean,
coefficient of variation, and skewness) recorded at each site were first computed.
Then, empirical probabilities and the most appropriate distribution function have
been fitted to the data and tested using the Anderson-Darling [27] and chi-square
goodness of fit tests [28].

After fitting an empirical distribution (Weibull, for example), the values at
the probabilities of 2%, 5%, 10%, 20%, 50%, 80%, 90%, and 95% are computed
by linear interpolation. A series of values at a specific temporal probability, p%T, is
denoted by Xpsr. FOr example, Xaout is formed by 10 values, each one corresponding
to a location, computed for the 20% temporal probability.

Denote by p%S the value of maximum precipitation with the property that
the exceedance probability of p% can be exceeded on p% of the studied area. Thus,
p%S has a spatial significance. Therefore, one may speak about maximum daily
precipitation values with a temporal probability p%T and a spatial probability p%sS.
These values will be denoted in the following by Xy pos -

In Fig. 2, the value for a temporal probability of 10% (76 mm) has a spatial
probability of 20%. Also, the maximum precipitation with a temporal exceedance
probability of 10% and the spatial probability of 50% is 67 mm. Any other Xpor
series could be analyzed similarly.
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Fig. 2 — The chart of the XiosT Series.

The values for 2%, 5%, 10%, 20%, 50%, 80%, 90%, 95% spatial probabilities
were extracted (by linear interpolation) for each series Xyor, and utilized for
building the spatio — temporal probabilities’ charts. There are two options to draw
the diagrams, depending on the values on the Ox axis: spatial probability, p%sS, or
temporal p%T (Figs. 3 and 4).
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Fig. 4 — Representation of the couples (p%T, Xpo4rn ps)-

Extrapolation of rare events (with probabilities of 0.01%, 0.05%, 0.1%) must
be done using some theoretical distribution functions (for example, Pareto). An
extrapolation example is presented in Fig. 5. Supposing that the surface of the
studied region is F,=10000 km?, denote by Fg a p%S of this surface:

Fg = p%S-F,.

M)

Fs represents the surface of the region where the precipitation is higher than Xgosr.
For example, the value X uqs5,~88 mm (the blue dot in Fig. 4) would be
representative of a surface Fy =5%-10000 =500 km?. If the surface F, is different,

Fg varies accordingly, but the curve Xyt could remain the same. Therefore,
standardization is necessary. Values of 10, 100, and 1000 are considered for Fg and
5000, 10000, 40000, 80000 km? for F,. The p%S are displayed in Table 2.
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Fig. 5 — Extrapolation example.

Table 2
Locations, series length (years), and the highest 24 h rainfall (mm)
F: (kmz)
Fe (km?) 5000 10000 40000 80000
10 0.2 0.1 0.025 0.0125
100 2 1 0.25 0.125
1000 20 10 2.5 1.25

The curves presented in Fig. 5 characterize the studied region, but they could
also characterize extended regions. For this aim, the data presented in Fig. 5 have

been used to extract Xoowsr and Xser (Fig. 6) corresponding to the spatial
probabilities. Their values are given in Table 3.
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Fig. 6 — Xo.o1%st and Xseet corresponding to the spatial probabilities.

Remark that the maximum daily precipitation corresponding to the exceedance
probability of 0.01% (the return period of 10000 years), on a surface of 10 km?,

tends to a limit of 500 mm and haanse (the return period of 20 years) on a surface of
100 km? tends to a value of 170 mm.
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Table 3

The 24 h maximal annual rainfall for p%T = 0.01%
and 5% function of F; and Fs

p%S Fg (km?) Fz (km?) Xs9% (mm) Xo.019% (Mm)

0.0125 10 80000 181 492
0.025 10 40000 178 476
0.1 10 10000 163 435
0.125 100 80000 161 427
0.2 10 5000 157 418
0.25 100 40000 155 410
1 100 10000 140 359
1.25 1000 80000 138 354
2 100 5000 131 340
2.5 1000 40000 129 330
10 1100 11000 112 274
20 1000 5000 106 249

2.3. THE HERSHFIELD METHOD

To estimate PMP_H using a set of maximum precipitation series (with n
values each) based on the Hershfield method [7, 8], the following relations are utilized:

max" Sn 1 (2)

where:
— hpax = PMP at a certain location when the duration is specified,
- E(sn) = the average (standard deviation) value of the maximum annual

precipitation series recorded at that location,
— ky, is the factor of frequency related to the chosen station, computed by:

km = (h1 —Hn—l) / St (3)

with:
— h, = the highest value of the series,
— hn (5,1) has the same significance as E(sn ) for the series obtained after
eliminating h, ,
— Kpax = the maximum of k,,,-s for all the observation sites in a zone.
Since Hershfield [8] found that k, computed for over 2 600 series varied
between 3 and 14.5, he adopted k,,,, = 15 for the PMP evaluation by this method.
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3. RESULTS AND DISCUSSION

3.1. BASIC STATISTICS

The results of the statistical analysis of the 24 hours maximum precipitation
(h2an) series recorded at the ten meteorological stations are presented in Table 4,
where

Ahz4h = h24h max h24hmin ) (4)
_ Ah24h
AE = = (5)
24h
2-Ah
i h +2h4h ' ©)
24hmax 24hmin

and h,,,, is the series average.

Table 4

Descriptive statistics for the main meteorological stations from Dobrogea

B 3 s @ < « < K

g § § & & 3 & & &8 F
Min 15 16.2 185 194 157 189 192 139 114 18
Mean 43.03 3549 4515 43.95 37.65 37.84 4830 40.95 30.19 43.50
Max 83.3 736 201 1148 967 799 146 846 849 1345

Median 39.9 28.5 4175 395 326 318 408 4115 26.6 39.45
Std. dev. 1587 16.22 2954 2277 18.66 16.56 26.59 15.01 16.58 22.84
Var.coef.(CV)  0.37 0.46 065 052 050 044 055 037 055 052
Skew. (Cs) 0.52 0.96 392 145 137 107 196 062 186 213

Cs/Cv 1.4 2.1 60 28 28 24 36 17 34 41
Ahyy, 683 574 1825 954 81 61 1268 70.7 735 1165
AE 1.59 162 404 217 215 161 263 173 243 268
£ 1.39 128 166 142 144 123 154 144 153 153

The minimum varies between 11.4 and 19.4, with an average between 30.19
and 45.15, and standard deviations from 15.08 to 29.54. All series are right-skewed
(Cy > 0). The coefficient of variation is between 0.37 and 0.65, with an average of
0.49, Ah,,,is inside the interval [61, 182.5] and &, from 1.23 to 1.66. It results that

the series set is homogeneous. For more details, the reader may see [22].
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3.2. COMPUTATION OF PMP_D

To apply the PMP_D method, the Weibull empirical distribution has been
fitted for all ten series. Hazen and Chegodaev models have also been fitted for
comparison. Figure 7 indicates that the most appropriate empirical distribution for
the Corugea series is Weibull (R?>=0.9843) in concordance with [19]. Other
distributions have been fitted to the available series to find the best model utilized
in the following. The results of the goodness-of-fit test (chi-square) at different
significance levels (1%, 5%, and 10%) are given in Table 5.

L E U I I B \ T T T T T 1
—— Corugea ——Weibull — -Hazen ----Chegodaev

120 L <
100 i
»-6%'
E 52 Chegodaev: R?= 0.9823
Z 0 Hazen: R? +0.9789
=

Weibull: R = 0.9843

100 10 p% 1

Fig. 7 — The empirical distribution for the Corugea series.

Table 5

Results of the chi-square test

Series

T ] s o © «s = K

£ § 5 § & 5 & 88 3 P
Distribution < O o - = =
EV2 - Max A A A R A*  A*¥* AF* A A A**
GEV-Max A - A A A* R A A* A A
Gumbel A A R A A** R A* A A A*

A

Pearson 111 A - R A A* R A A* A* A
Weibull A A R A** R R A A* A A
Pareto A** A A A A A A A A
EV2 Max (L-mom) A A A A A A** A% A A A
Gumbel (L-moment) A A A A A R A A A A
Pareto (L-mom) A** A A A A A A** A A

Legend: R — reject, A — accept, A* — accept at the significance level of 1% and 5% and not statistically significant
at 10%, A** — accept only at the significance level of 1%.
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Remark that for the Jurilovca series, most models have been rejected. For
Constanta, the Gumbel, Pearson 111, and Weibull distributions are inappropriate. To
keep a certain uniformity of the analysis, only the distributions accepted for all the
data series (Pareto, EV2 Max (L-moment)), together with the LogPearson Il and
Weibull (L-moment) distributions have been used in the following steps (the last
two have been chosen based on the goodness of fit). The 95% confidence intervals
have been computed as well. Two examples are presented in Figs. 8 and 9.
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Fig. 8 — LogPearson Il model for the Constanta series.
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Fig. 9 — Weibull L-Moment model for the Mangalia series.

For the selected distribution function, the values corresponding to the 0.001%,
0.01%, 0.1%, 1%, 2%, 3%, 5%, 10%, 20%, 50%, 80%, and 90% exceedance
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probabilities have been computed (Tables 6-9). The four distribution functions
describe very well the observed data.
Table 6

The maximum (mm) recorded and the 24 hour-rainfall values corresponding to different exceedance
probabilities, computed based on the Pareto distribution function

Probability of exceedance (%)
0.001 0.01 0.10 1 2 3 5 10 20 50 80 90
Adamclisi 833 856 8.3 841 801 776 757 725 66.6 580 405 276 238
Cernavoda  73.6 103.3 1001 940 821 767 731 678 593 489 316 208 179
Constanta ~ 201.0 740.7 467.7 2840 1604 131.8 1166 989 772 580 358 257 233
Corugea 1148 1971 177.7 1524 1524 1524 1524 901 757 601 375 375 216
Harsova 96.7 1542 1411 1231 982 982 832 754 754 512 324 324 191
Jurilovca 79.9 1148 1100 1017 872 810 769 710 61.9 511 337 231 203
Mangalia 146.0 3199 262.1 2034 1437 1256 1149 1015 831 647 402 275 244
Medgidia 846 854 842 831 780 751 729 695 633 547 382 266 232

Station Max

Sulina 849 187.7 156.6 1237 89.0 781 717 635 527 407 252 17.1 150
Tulcea 1345 3055 2431 183.7 1269 1104 1008 888 728 570 364 26.0 26.0
Table 7

Values (mm) at different exceedance probabilities, computed based on the EV2-Max L-Moment
distribution function

Probability of exceedance (%)
0.001 0.01 0.10 1 2 3 5 10 20 50 80 90
Adamclisi 795.6 4240 2260 1203 994 888 770 633 516 378 300 27.2
Cernavoda 1160.9 5445 2554 1196 951 831 70.0 553 432 297 226 200
Constanta 1827.1 8168 3651 1629 127.6 1106 922 717 551 371 276 244

Station

Corugea 1738.7 781.2 351.0 351.0 350.0 351.0 894 696 536 36.2 36.2 238
Harsova 1349.6 620.1 2849 130.7 130.7 899 754 754 459 313 313 209
Jurilovca 960.6 477.0 236.8 1175 950 838 716 575 458 324 251 225

Mangalia 2032.7 900.6 399.0 1765 1379 1193 99.2 769 59.0 395 293 258
Medgidia 7349 3943 2115 1133 938 84.0 729 600 490 361 287 26.1

Sulina 1272.7 563.7 2496 1104 862 746 62.0 481 369 247 183 16.2
Tulcea 15469 7121 327.7 150.6 119.1 103.7 87.0 683 530 36.2 272 27.2
Table 8

Values (mm) corresponding to different exceedance probabilities, computed based on the Log
Pearson |1 distribution function

Probability of exceedance (%)
0.001 0.01 0.10 1 2 3 5 10 20 50 80 90
Adamclisi 3939 2707 1810 1157 998 910 80.7 675 550 388 286 249
Cernavoda 297.7 2137 1484 975 84.5 773 685 572 464 317 223 188
Constanta  943.0 533.0 2934 1546 1257 1109 941 743 573 375 269 233
Corugea 564.3 365.3 229.0 229.0 229.0 2290 893 725 572 379 379 224
Harsova 196.5 1645 1319 984 98.4 817 737 737 509 335 335 181
Jurilovca 401.7 2649 170.2 1048 894 811 713 59.1 478 335 248 217
Mangalia 633.1 4103 257.0 1523 1279 1148 995 805 632 414 286 240
Medgidia 3646 251.8 169.3 1089 941 859 763 639 523 370 274 239
Sulina 386.3 2521 1589 948 797 716 621 503 395 259 179 150
Tulcea 490.0 327.0 2113 1294 1098 99.2 86.7 710 565 379 26.6 26.6

Station




Acrticle no. 704

A. Barbulescu, C. Maftei

12

Table 9

Values (mm) at different exceedance probabilities, computed utilizing the Weibull (L-moment)

distribution function

Probability of exceedance (%)

Staton =50 001 010 1 2 3 5 10 20 50 8 90
Adamclisi 1100 1020 926 807 764 7362 698 639 566 426 201 226
Cernavoda 1135 1033 913 768 717 6838 639 572 491 343 211 153
Constanta  157.8 1424 1246 1033 958 9108 847 750 635 430 255 180
Corugea 1522 1374 1204 1204 1204 12039 821 727 617 420 420 17.7
Jurilovea 1093 1003 89.8 768 721 6911 650 588 512 370 239 17.9
Harsova ~ 1251 1134 998 835 835 7399 690 690 525 362 362 15.7
Mangalia 1717 1546 1351 1117 1034 9826 913 807 682 459 27.0 19.0
Medgidia 1035 961 873 763 722 6965 661 605 537 40.6 27.8 217
Sulina 1074 967 845 698 647 6144 571 504 426 287 169 119
Tulcea 1441 1306 1150 962 89.6 8534 796 709 606 418 254 254

For example, for the Constanta series, the correlation coefficient is between
0.84 (Weibull L-Moment distribution) and 0.93 (Pareto distribution). However, we
consider the values obtained for the exceedance probability of 0.001% using EV2
Max L-Moment and Log Pearson Il too high. For this reason and analyzing values
of the determination coefficient, the Pareto distribution function has been kept for

the next calculus.

Using the values from Table 6, the 24 h maximum annual precipitation series
for each temporal exceedance probability (h,4n posr) have been represented in Fig. 10
as functions of the spatial probabilities (p%S). Further, the hyap posraposs S€ries have
been computed and presented in Fig. 11. Most values are less than 200 mm, except
for h24hp%'rﬂp%s at 0.1% and 0.01%.
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0.1%T

—— 1%T
- -3 - 2%T

5%T
—— 10%T

Fig. 10 — haanpset chart based on the Pareto distribution for the set of series recorded
at the ten stations for different exceedance probabilities.
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As already mentioned, the studied surface is 15700 km?. Any p%S value
represents a percentage of this surface. For example, h,ap 100n50s = 85 mm is
representative of a surface of 5% of 15700 km?, that is 785 km?, with a temporal
probability of 10%. Considering the representative surfaces (Fg) equals to 10, 50,
100, 150, 250, and 500 km? and surfaces of 15700, 10000, 5000, 1000, 500, and
200 km? for F, the spatial probabilities from Table 10 pys, are obtained using the
relation (1).

800

——3% ——0.01% ——0.1% ——1% --e--2%

700
--u--5% 10%  --»--50% -—#-80% ——90%

(2]
[=]
o

h24hp %NTp%S
P
o o
S o

w

8
e
|

200 ‘\\

100 fma o T8—— —

0 20 40 p%S 60 80 100
Fig. 11 — haanpstnpws chart for the studied region.
Table 10
Poys = f (Fz, Fs)

Fs (km?) \ F; (km?) 200 500 1000 5000 10000 15700

10 5 2 1 0.2 0.1 0.06

50 25 10 5 1 0.5 0.3
100 50 20 10 2 1 0.6
150 75 30 15 3 15 0.9
250 50 25 5 2.5 1.6
500 50 10 5 3.2

Table 11 contains the values calculated utilizing the data from Table 9 and
Fig. 11. Figure 12 is plotted based on the values from Table 11.

For the temporal probability of 1% or 5%, the curves are almost parallel in
the zone between 12500 and 15700 km?. For a standard surface of 15700 km?, the
24 hour-maximum rainfall corresponding to a return period of 100 years on a
surface of 10 km? is 212.1 mm. The 24 hour — maximum rainfall corresponding to
a return period of 20 years over an area of 100 km? tends to be about 109.3 mm
(the turquoise line in Table 10). The values are influenced by the distribution
function selected. It is recommended to use a large F; to achieve results close to the
statistical estimation.
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Table 11

The 24 hour maximum annual rainfall at p%T = 5% and 1% function of F; and Fs

Poes Fs Fz haansost haan1oet
0.06 10 15700 115.3 2121
0.1 10 10000 113.18 204.80
0.2 10 5000 1125 202.4
1 10 1000 106.71 183.60
2 10 500 106.06 175.70
5 10 200 104.12 163.51
10 10 100 101.20 159.57
20 10 50 97.10 150.68
50 10 20 73.97 93.59
0.3 50 15700 111.7 200.1
0.5 50 10000 110.3 195.4
1.0 50 5000 106.71 183.60
5.0 50 1000 104.12 163.51
10.0 50 500 101.20 159.6
25.0 50 200 95.0 141.2
50.0 50 100 73.97 93.6
0.64 100 15700 109.3 192.1
1.0 100 10000 106.71 183.60
2.0 100 5000 106.06 175.70
10.0 100 1000 104.12 159.6
20.0 100 500 101.20 150.7
50.0 100 200 97.10 93.6
3.2 500 15700 105.3 170.8
5.0 500 10000 104.12 163.51
10.0 500 5000 101.20 159.6
50.0 500 1000 73.97 93.6
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Fig. 12 — haanpsstnpws chart for the studied region.
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3.3. COMPUTATION OF PMP_H AND COMPARISON WITH PMP_D

In the article [22], the PMP_H has been computed for the same series, using
the methodology from Section 2.3 for determining kmaxand replacing Kmax with Kayg ,
the average of the values ky, computed for the ten stations. The results are summarized
in Table 12.

The first remark is that PMP_H overestimates the 24 hour-maximum
precipitation when computed based on formula (2) (the third column in Table 11).
A significant improvement is noticed when kmax is replaced by kay for all the
stations but Constanta for which the recorded value — 201 mm — is underestimated.

Table 12
PMP_H for the studied region

Location Max PMP_H with Kmax PMP_H with Kavg
Adamclisi 83.30 206.72 112.49
Cernavoda 73.60 202.89 106.52
Constanta 201.00 349.94 174.49

Corugea 114.80 278.91 143.65

Harsova 96.70 230.13 119.33
Jurilovca 79.90 208.66 110.32
Mangalia 146.00 322.69 164.74
Medgidia 84.60 195.78 106.65

Sulina 84.90 201.23 102.77
Tulcea 134.50 279.13 143.49

This method estimates the maximum precipitation at the recorded stations
without considering the influence area of each station. Therefore it is a temporal
method. By comparison, Diaconu’s method provides a spatio-temporal evaluation
of the 24 h probable maximum precipitation, based on the statistical distribution of
the precipitation series and the spatial cover, giving a more realistic image of the
PMP as a function of the return period and the area covered by the meteorological
stations. Still, compared with the Hershfield method, the Diaconu one is more
complicated and the accuracy depends on the fitted distribution. The last one is not
an essential issue if the goodness of fit tests are performed to select the best
distribution.

The main drawbacks of the Hershfield method are that the accuracy is
significantly influenced by

e The number of series. The highest the number, the better the estimation is,

e The homogeneity of the data series: inhomogeneous data series produces
inaccurate PMP_H estimation,

¢ The value of knax, which is not always the best choice (as shown above) for
the PMP_H computation.
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4. CONCLUSION

In this article, we presented the spatio-temporal estimation of PMP based
on Diaconu’s method and a few comparisons with the classical Hershfield
method. Both methods can be utilized depending on the user's purposes. For
temporal purposes, PMP_H can be applied taking into account the above-
specified issues, while for both temporal and spatio-temporal analysis,
Diaconu’s method is recommended.

Despite the easiness of use, of the Hershfield method, the choice of
the parameter k that might replace kmax to improve the estimation quality
remains an open problem.
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