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Abstract
Introduction
Estimating the amount and intensity of precipitation and its spatial distribution in various return periods is necessary

for flood estimation hydrological models. This information is obtained based on traditional methods through
intensity-duration-frequency curves with many assumptions, such as the choice of suitable distribution for each
period, and the requirement of many parameters in different return periods. If a study area has incomplete data or a
lack of data, traditional methods are limited. For this reason, the fractal method is used to transform the
precipitation hyetograph in different durations and transfer the precipitation data from one place to another. The
fractal method is a self-similar method; It means that every part of it is similar to the whole, like a pine tree, where
every branch is like a whole tree. This method has high reliability, convenient access, and less number of
parameters, which can be used to create daily precipitation data over long and short periods. It is noteworthy, that
in the past valuable research has been done in the field of using the fractal theory to extract IDF curves.
Nevertheless, in this research, in addition to extracting the characteristics of precipitation based on the above
method in all the stations inside and outside the selected watershed, the spatial distribution of the rainfall
intensity mapped based on the Co-Kriging method, and has been compared with the Ghahraman method.

Materials and Methods
The study area is the Tireh watershed in the Borujerd-Dorud region, which is located between east longitudes

from 28°48 t0'17°49 and north latitudes from 51°33 to '35°33. This watershed, with an area of 2127.28 km?, is in
the northernmost part of the large Karun River watershed and in the south of Oshtorinan town. The average
rainfall in the mountains and plain areas has been estimated as 611.4 and 410.6 mm, respectively. The average
annual temperature of the plain with an average elevation of 1493.3 m is 13.4°C and in the highlands with an
average elevation of 2025 m, it is 8.5C. In addition, the amount of evaporation in the highlands and plains is
1852.2 and 2148.8 mm per year respectively. In this research, the maximum intensity and amount of
precipitation were estimated based on the fractal theory using the daily precipitation data for 12 stations with a
statistical period of 31 years recorded from 1990 to 2021. The research method was conducted based on studies
of Azhdary Moghaddam and Heravi, (2018) in the following steps. A) data extraction of the maximum amount
of precipitation in different durations of 1, 2 and ... days B) determining the maximum intensity of annual
precipitation by dividing the maximum precipitation values by their durations C) calculating the weighted
moment of the data (B.4) in different orders (r) and durations (d) and then drawing linear graphs on a
logarithmic scale, D) and then, using the related relationship, the maximum rainfall was calculated in the
specified duration and return period. Since hourly precipitation data are not available in most of the stations,
therefore, at this step, the IDF curves were extracted using the fractal theory and were compared with the
experimental method of Ghahraman (which is based on the maximum daily precipitation) by the Pearson
correlation coefficient. The Co-kriging method was used to create spatial distribution maps of precipitation
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intensity and amount based on fractal theory. The geostatistical Co-kriging interpolation method is similar to
kriging and auxiliary variables can be used for better spatial analysis. Optimal spatial distribution maps of
rainfall intensity and amount are provided by the existing point data extracted from the fractal method, and
introducing different auxiliary layers such as maximum daily rainfall in the 24-hour continuity period.

Results and discussion
Fractal analysis of precipitation data showed that there is a linear relationship between scale power and moment

order in all stations. Therefore, the maximum precipitation data in the study area have a mono-fractal nature,
which means that by using the fractal theory, the precipitation data can be converted from one duration to
another. The results of the density of precipitation zoning based on fractal theory using the Co-kriging method
showed that the accuracy of interpolation increases with the increase of the return period. Indeed the calculated
values have a suitable fitting with the observed values and are close to the fitted line. Contrary to this, the results
of precipitation zoning based on the Ghahraman method using the Co-kriging method showed the most scattered
points around the fitting line; which actually shows the low accuracy of this method in estimating and zoning the
area precipitation. The results of the 24-hour rainfall interpolation error using the fractal method showed an
increase in the RMSE value with the increase of the return period based on only the auxiliary variable of the
rainfall intensity data produced by the fractal method. The RMSE was calculated based on adding auxiliary data
such as the amount and annual average of precipitation and the value of the maximum one-day precipitation
intensity of the original data to precipitation intensity prepared by the fractal theory. According to this, the
RMSE in the return periods of 2, 5, 25, 50, 100, 200, and 300 years equals 0.09, 0.27, 0.74, 0.18, 0.25, 0.059,
and 0.13, respectively, have a decreasing trend compared to the use of only auxiliary variable of precipitation
magnitude. This composition has reduced the error criterion values to less than a fifth compared to the initial
state (only by precipitation intensity covariate) in the return period of over 50 years.

Conclusion
The analysis of statistical moments showed that the precipitation maximum intensity data has a mono-fractal

nature. In other words, the changes in the power of the scale are completely linear with respect to moment order,
and it can be used to produce the data in different durations. The statistical analysis of the results of estimating
the intensity of precipitation in the different return periods and durations with this method compared to the
Ghahraman method showed that in most stations there is a significant relationship with a correlation coefficient
of over 99 % at a confidence level of 99 %. Generally, the results of the spatial distribution error of precipitation
intensity using the Co-kriging method based on fractal in the return periods of 2, 25, 100, and 200 years showed
acceptably reduced interpolation error by adding different auxiliary data.
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Figure 1- The location of the rain gauge and meteorological stations in the Tireh-Borujerd watershed
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Figure 3- The power of scale in different orders (r) of the weighted moment of maximum annual rainfall data in the period of one to
seven days for the Rahim Abad meteorological station
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Figure 4- The power of scale in different orders (r) of the weighted moment of maximum annual rainfall data in the period of one to
seven days for the Kaka Reza station
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Figure 6- Linear relationship of scale power changes against moment order at Kaka Reza station
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Figure 7- Intensity-duration-frequency curves extracted by the monofractal method at Rahim Abad station
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Figure 8- Intensity-duration-frequency curves extracted by the monofractal method at Kaka Reza station

il olie SBUSS 5 390 i 4 US> a5 plonl Yo

Wl 00 03] CuiS il 5,90 N> )

Predicted 10~
1.141
1.066
0.992
0917
0.842
0.768
0.693
0619
0.544
0469
0.395

032 0.423 0628 0.833 1.038

Measured 10 -1
Predicted

8.74
8.225
7.709
7.194
6.678
6.163
5.647
5.132
4616
4101
3.585

307 3779 5196 6614 8031
Measured

Olestd 9 JUS13 (gla gy p (e )b b (gubaigy Y Y
8> ly Sz 595 Whgya JWSE o)k wad obgy»
353 olSan] VY Loy 395933390 B3gae 4D 0y Sl
9 Yeo Voo B YO O Y CA.MS)L’ 3)9) PN (\ J9A>) o

Predicted 10 -1
1035
097
0.904
0.839
0.774
0.708
0.643
0577
0512
0447
0381

0.3160.406 0.586 0.765 0.945
Measured 1071
Predicted

285
2747
2645
2542
2439
2336
2234
2131
2028
1925,
1823 Fs

172 1861 2144 2426 2.709
Measured

b Sezmy )S55 by Voo g Vee YO culSil 590 b e &y sl iy JUST,d el YF (334 i Slusloes g lanliio yolie (Bl -4 IS

kol (slrosld 259,y ol Sl 4uKilo g VL (Bl (6Ske ¢ 48k e (SaS (sl puite 31 axkitus]

Figure 9- Fitting the observed and calculated values of the Co-Kriging interpolation of the 24-hour rainfall intensity of Fractal in the
return period of 2, 25, 100, 200 years from right to left, respectively, using the auxiliary data of the precipitation amount, the average
annual precipitation and the average maximum one-day precipitation intensity of the main data.
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average annual precipitation and the average maximum one-day precipitation intensity of the main data
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Figure 11- Fractal zoning of 24-hour rainfall intensity (mm/h) using the Co-Kriging method with Stable variogram and
computational error (RMSE) in return period of 2, 25, 100, and 200 years
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Figure 12- Zoning of 24-hour rainfall intensity (mm/h) of Heroin using the Cookkriging method with Stable Variogram with and
computational error (RMSE) in return period of 2, 25, 100, and 200 years
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Table 3- Pearson correlation coefficient of rainfall intensity with two fractal and Ghahraman methods in the return period of 2, 25,
100 and 200
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