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Introduction

Intensity-Duration-Frequency (IDF) curves and design rainfall are among the parameters that
are widely used in water resource management projects and drainage system design (DS) at
the watershed level (Gong et al., 20168). The design rain itself will generate the design flood
(Bani Farzin et al., 2017). The histogram or time pattern of rainfall distribution shows some
quantitative characteristics of a rainfall such as the maximum amount or the peak intensity of
rainfall and the time position of its occurrence, the total duration of rainfall, the central point
of rainfall and the time pattern (Ghobadi et al., 2018). Basically, the design rainfall is
considered according to a certain probability level or a specific return period (T years) and the
design hyetograph is also drawn for this rainfall and shows the temporal distribution of the
design rainfall (Wang et al., 2017). The corresponding hydrograph is drawn with a common
return period, and hydraulic designs (dimensions of channels, dimensions of overflows, etc.)
are also done based on the characteristics of the design hydrograph. Flash floods are mainly
caused by the pattern of rainfall distribution, and therefore more attention should be paid to
rainfall changes and the effect of climate change on rainfall distribution.

The purpose of this study is to investigate the effect of climate change on the rainfall
hytograph in dry areas. In this study, while intensity-duration curves were drawn for a base
period and based on different climate scenarios, precipitation was extracted from the curves,
and precipitation hyetographs were drawn and compared for the base period under different
climate scenarios.

Method

this study, the effect of climate change on the amount and distribution of precipitation in
Kashan region was investigated. Then, intensity-duration curves of area abundance were
drawn for the base period and forecast periods. To draw the rainfall hyetographs using the
periodic block method, using intensity-duration curves, first the depth of precipitation was
determined in n time intervals for a duration of At (the total precipitation is [T] _d=nAt).
Then the depth of precipitation corresponding to the intensity of precipitation is obtained. By
subtracting the values of the depth of consecutive rainfall from each other, the amount of
rainfall for each time unit is obtained. Finally, the rainfall hyetograph for the base period and
future periods was drawn and compared based on the frequency intensity curves.

Results
The results of drawing the precipitation hyetograph with the Yen and Chau method for the
base period and the forecast periods showed that the amount of precipitation during the
different return periods has an increasing and decreasing trend, so that the maximum amount
of precipitation in the base period in the period The returns of 2, 10, 25 and 50 years are
respectively: 0.94, 1.71, 2.1 and 2.39. that these values are very close to the pessimistic
scenario of 8.5, equal to: 0.94, 1.71, 2.09 and 2.38, respectively, and according to the
optimistic scenario, the values are 8% compared to the base period. will decrease, it is equal
to: 1, 1.82, 2.23 and 2.53, respectively. But according to the intermediate scenario of 4.5%,
the maximum amount of precipitation will increase by 6% compared to the base period, equal
to: 0.86, 1.71, 2.1 and 2.39, respectively. Also, the results showed that the values calculated
under the 4.5 scenario increased by 16.27 percent compared to the 2.6 scenario. The
calculated values under the 8.5 scenario increased by 9.30% compared to the 2.6 scenario, and
the calculated values under the 8.5 scenario decreased by 6% compared to the 4.5 scenario.
Precipitation hyetograph is a graph that shows changes in precipitation over time. The
flood hydrograph clearly shows a sharp peak where the upper and lower parts change
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abruptly. Considering the relationship between rainfall and runoff and the effect of rainfall
intensity on flash floods, it is necessary to investigate the rainfall hyetographs. In this study, a
triangular shape is considered to show the rapid increase and peak point of the rainfall
hyetograph. The proposed triangular-shaped precipitation scheme is expected to be
proportional to the temporal distribution of rainfall in arid and semi-arid regions, is a single-
parameter model that can be estimated by keeping the first moment of the rainfall event. The
total rainfall depth is determined by the area under the hyetograph. This approach, based on
statistical analysis for parameter estimation, can reduce the smoothing effect of averaging. In
addition, a design precipitation described by one or two parameters can be easily applied on a
regional basis. In Figures 10, 11 and 12, the hyetographs related to the 2-hour plan barrage
with the return period of 2, 10, 25 and 50 years during the base period (1993-2017) and the
near future prediction period (2011-2030) under The climatic scenarios of 2.6, 4.5 and 8.5
have been drawn using two triangular methods (Yen and Chau) and periodic block. The value
of the maximum rainfall intensities in the periodic block method for the base time and the
forecast period in the return period of 2 years under the scenarios of 2.6, 4.5 and 8.5
respectively is on the cloud with: (1.97, 1.79) , 2.09 and 1.96) which with an increase of 1.5
times in the return period of 50 years are respectively equal to: (5, 4.55, 5.30 and 4.98) and
also in the triangular method (Yen and Chau) the values The maximum rainfall intensities for
the base time and the forecast period in the return period of 2 years under scenarios 2.6, 4.5
and 8.5 are respectively equal to: (0.94, 0.86, 0.1 and 0.94) With an increase of 1.5% in the
return period of 50 years, it is equal to: (2.39, 2.17, 2.53 and 2.38) mm/min, respectively.

Conclusions

In the triangular method, the changes in the amount of precipitation are linear and gradual in
such a way that the slope of the ascending part of the hyetograph is greater than the slope of
the descending part. However, in the periodic block method, the changes in the amount of
precipitation are irregular and non-linear, so that there will be a sudden increase or decrease.
Therefore, the floods and hydrographs estimated by each of these two methods will change
according to the pattern of each of the mentioned methods.
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