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Abstract: Precipitation is a key variable in identifying climate changes in a region. In the present study,
in the first stage, the homogeneity and trend test for the rainfall data of 18 stations in the watershed of
Jiroft Dam, in the period from 1991 to 2020, was carried out using the Petit, Buishand, and normal
standard tests and the non-parametric Mann-Kendall test. After that, in order to correct and remove
outlier data, homogeneity and change-points were checked in the second stage, and by repeating the
test for the intervals separated in each stage of the test, the time of occurrence of other change-points
was also identified. By examining all the stages of separation, non-homogeneity in precipitation data
was observed in all stations. The results of the homogeneity tests are different in different stations. In
a certain station, the change-points were identified by different tests in different years. In general,
41.29% of non-homogeneity cases were diagnosed by Buishand's test, 34.83% by normal standard test
and 23.88% by Petit's test. The results of the Mann-Kendall test showed that 15.86% of the data have
a trend, 4.83% of the data have a deacreasing trend, and 11.03% of the data have an increasing trend.
The most trending cases were observed in Jamilabad station with three deacreasing trends and one
increasing trend, However, no significant trend was observed. In addition, there was no clear
relationship between the significance of the homogeneity tests and the existence of trend in data series.
The study results are useful for water resource management, drought reduction and sustainable
agricultural planning in the region.
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Introduction: Precipitation is a very key variable in identifying climate changes in a region. Changes in
precipitation may lead to floods, droughts, loss of biodiversity, agricultural productivity, and hydropower
generation. An important and inseparable part of meteorological and hydrological studies is to ensure the accuracy
of the data used (Hallegatte 2012; WMO 2017). Before ensuring the accuracy and quality of data and time series,
it is not possible to use them and extract the next results (Mohammadi and BiAzar, 2017). In order to ensure the
accuracy of the data series, different validation tests such as homogeneity and trend tests have been presented by
researchers. Knowledge of the time range of data changes can be useful in choosing the right test, but unfortunately,
this information is not available in Jiroft basin. Since the performance of tests in identifying hemoginity and
change-points is dependent on environmental conditions, and it is not possible to say for sure which test has better
performance, therefore, in this study, homogeneity and trend of precipitation data series was analyzed using three
homogeneity tests: normal standard, Petit, Buishand and Mann-Kendall test.

Methodology: In the present study, the homogeneity and trend of average monthly rainfall data for 18 rain gauge
locations in Jiroft Dam catchment from 1991 to 2020 were investigated. For this purpose, Petit, standard normal
and Buishand homogeneity tests were used to check homogeneity and identify possible change-points. Since, at
each step of tests, only one change-point is detected, so with each change-point detection, the desired time period
is separated into years before and after the change-point, and the tests are repeated, this process continues until all
change-points are detected. This process is stopped when the time period under review is less than 5 years. The
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non-parametric Mann-Kendall test was used to evaluate the trend of the data series.

Results and Discussion: The results of the tests and the process of separation of time intervals are given in Tables 2
and 3 and Fig. 2. In each station, the abilities of the tests were investigated separately. The results of homogeneity
tests showed that the results of the tests are highly dependent on the location of the station and the time of data
measurement., so it is necessary to perform all three tests in order to identify all the inhomogeneities. In the next
step, all point mutations in the data series were identified and removed by time separation of the data. In order to
correct and remove mutations, the most number of separations was done for the month of Mehr (11 separations),
May (9 separations), July (5 separations), June (5 separations), and April (4 separations). Petti's test showed the
least amount of change-point and heterogeneity, the results of normal standard and Buishand tests were similar
most of the time. Heterogeneity was observed in all stations of the basin. The most point-changes occurred in the
months of March and April. The trend test results showed that none of the rainfall gauge stations had a significant
decreasing or increasing trend on an annual scale, and on a monthly scale. there is an increasing trend in some
months and a deacreasing trend in some months. In the studied basin, the most trend occurred in the first 6 months
of the year. The largest number of inceasing trend was observed in April and at 5 rainfall gauge stations (Ismail
Abad, Hossein Abad, Soltani, Maidan and Namzad). At Hanjan station, an increase of 54.49 mm of rainfall was
observed in May and a decrease of 68.119 mm in March. In the month of March, a decrease in rainfall has been
observed in Hanjan, Bidkardoiyeh, Jamilabad, Cheshme Arous, Kiskan and Maidan stations, respectively 68/119,
47/56,45/64, 161/68, 59/548 and 111/91 mm, but In the results of Kendall's test, no significant trend was observed
for the precipitation data in this month. In the month of April, there was an increase in rainfall by 82.77, 54.33,
118.08, 32.68, 79.46 and 42.3 mm respectively in Namzad, Ismail Abad, Talkhe Char, Soltani, Kanarowich and
Maidan stations. By comparing with the results of the Mann-Kendall test, it can be seen that it was not just a
sudden jump and the precipitation has an increasing trend. In the month of May, an increase in rainfall has been
observed in Hanjan, Cheshme Arous, Raber and Glochar stations, respectively 54.409, 41.729, 6.81 and 33.3 mm,
in this month only in Raber and Glochar stations there is an increasing trend was observed.

Conclusion: The results of the tests were very different according to the station and month under investigation and
the results were not the same. In general 41.29% of heterogeneous cases were identified by Buishand's test, 34.83%
by normal standard test and 23.88% by Petti's test. On average, the number of point-change is 2. The results of the
data series trend analysis showed that in general, 4.83% of the data have a decreasing trend and 11.03% have an
upward trend. The highest number of trends was observed in Jamilabad station with three decreasing trends and
one increasing trend. However, no significant trend was observed. In addition, there was no clear relationship
between the significance of the homogeneity tests and the existence of trend in data series.
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Table 1 Location of rainfall measurement stations

Station Utmx Utmy Height
Dolat abad 3176806 513543 1734
Rabor 3250471 482210 2730
Soltani 3216055 453848 2070
Konaroieh 3191963 523132 1456
Kiskan 3248775 464883 2600
Jamilabad 3234760 449923 2258
Hanjan 3236627 495774 2115
Cheshme Arus 3241840 487618 2460
Maidan 3226451 500357 1924
Fath abad 3169810 514854 1755
Galu char 3239974 511413 2420
Hossain abad 3183311 557460 1664
Esmail abad 3234558 497490 2197
Takhe char 3245909 473044 2881
Namzad 3221993 474415 2116
Bid karduiyeh 3242332 442090 2230
Gharghutuiyeh 3262749 443665 1098
Char tagh 3199255 508188 2597
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Fig. 1 Location of rainfall gauge stations in Jiroft Basin
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Fig. 3 Charts of homogeneity tests: Petit, Buishand and normal standard tests
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Table 2 Homogenity test Results and detecting the change point of precipitation data

= = S
g = -§ N -§ % Petit test SNHT test Buishand test
£ ELF EE
# = g %g Mutation date Mutation date Mutation date
%) @ = (year) p-value (year) p-value (year) p-value
1 70-98 87 0.003 — 70-98 87 0.004
) 70-86 — 0.283 — 70-86 79 <0.0001
88-98 — 0.463 — 88-98 — 0.813
5 3 70-78 77 <0.0001 77 70-78 77 <0.0001
S E 80-98 — 0.054 — 80-98 — 0.066
2 g 4 m 72 <0.0001 — 70-76 — —
% o 78-98 86 0.03 — 78-98 88 0.04
= 70-71 x x X 70-71 x x
74-85 — 0.683 — 74-85 — 0.914
5 87 X X X 87 X X
89-98 — 0.3 — 89-98 — 0.857
1 71-99 — 0.482 — 71-99 77 0.004
) 71-76 — 0.658 — 71-76 — 0.882
78-99 — 0.069 — 78-99 95 0.001
3 71-94 — 0.546 76 71-94 76 0.018
96-99 X X X 96-99 X X
4 71-75 — 0.65 — 71-75 — 0.83
78-99 — 0.061 98 78-99 94 0
2 71-93 — 0.267 75 71-93 75 0.009
S 5 5 9597 x x x 95-97 x x
‘g = 99 X X X 99 X X
= 6 1174 x x x 71-74 x x
78-99 — 0.232 — 78-99 93 0.004
7 71-92 — 0.77 74 71-92 74 0.048
96-99 x x X 96-99 x x
3 71-73 x x X 71-73 x X
78-99 — 0.211 — 78-99 92 0.006
9 71-91 — 0.533 — 71-91 — 0.34
96-99 X X X 96-99 X X
1 71-99 — 0.054 97 71-99 90 0.006
71-89 — 0.067 — 71-89 77 0.002
) 91-96 — 0.671 — 91-96 94 <0.0001
98-99 X X X 98-99 X X
71-76 X X X 71-76 X X
3 78-93 — 0.129 — 78-93 89 0.035
" 95-99 X X X 95-99 X X
g 4 71-88 — 0.235 76 71-88 76 0.014
QE) = 91-99 — 0.205 — 91-99 96 <0.0001
5 2 71-75 x x x 71-75 x x
5 5 78-95 86 0.036 — 78-95 88 0.01
98-99 x x X 98-99 x X
71-85 — 0.398 75 71-85 75 0.048
87 X X X 87 X X
6 91-99 93 < 0.000 — 91-99 95 <0.0001
71-73 X X X 71-73 X X
76-92 — 0.205 — 76-92 — 0.078
7 9899 x x x 98-99 x x
29 1 70-98 — 0.321 76 70-98 78 0.032
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= = S
£ = ;% N ;% E Petit test SNHT test Buishand test
= 2 R B 0 ® e
" & 58 EE
s = =7 = E Mutation date Mutation date Mutation date
n wn £ p-value p-value p-value
= (year) (year) (year)
70-75 — 0.677 — 70-75 — 0.87
> 77 X X X 77 X X
79-98 — 0.822 97 79-98 — 0.072
3 70-96 — 0.401 75 70-96 77 0.026
98 X X X 98 X X
4 70-74 — 0.664 — 70-74 — 0.919
79-98 — 0.521 96 79-98 — 0.051
5 70-95 — 0.527 74 70-95 74 0.032
98 X X X 98 X X
6 70-73 X X X 70-73 X X
79-98 — 0.223 95 79-98 92 0.009
70-91 — 0.818 — 70-91 73 0.037
7 93-94 X X X 93-94 X X
96-98 X X X 96-98 X X
] 70-72 X X X 70-72 X X
79-98 — 0.141 — 79-98 91 0.006
9 70-90 — 0.458 — 70-90 72 0.015
93-98 X X X 93-98 X X
10 70-71 X X X 70-71 X X
79-98 — 0.135 — 79-98 90 0.01
11 70-89 — 0.421 — 70-89 — 0.381
93-98 X X X 93-98 X X
1 71-99 88 0.019 — 71-99 88 0.018
> 72 <0.000 — 71-87 — —
89-99 — 0.919 — 89-99 — 0.309
71 X X X 71 X X
3 73-99 87 0.038 — 73-99 — 0.389
4 73 <0.000 — 71-86 — —
88-99 — 0.925 — 88-99 — 0.306
5 71 X X X 71 X X
75-99 — 0.071 — 75-99 86 0.003
6 75 <0.000 — 71-85 — —
89-99 — 0.939 — 89-99 — 0.315
5 71 X X X 71 X X
- @ 7 76-99 — 0.147 — 76-99 85 0.01
g 2 o 76 <0.000 — 71-84 — —
§ A 89-99 — 0.937 — 89-99 — 0.311
71 X X X 71 X X
9 77-99 — 0.291 — 77-99 84 0.014
10 77 <0.000 — 71-83 — —
85-99 — 0.937 — 85-99 — 0.308
71 X X X 71 X X
1 78-99 — 0.575 — 78-99 90 0.017
12 71-89 83 <0.000 83 71-89 83 <0.0001
91-99 — 0.933 — 91-99 — 0.856
13 78 <0.000 — 71-82 — —
84-99 — 0.508 — 84-99 — 0.75
71 X X X 71 X X
14 79-99 — 0.522 — 79-99 — 0.602

# The colored p-values indicate heterogeneity in the test. Gray indicates a period of less than five years, and black with a cross reveals that all
data were zero, and only Petty's test was performed.
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Table 4 Sig value between p-values in
homogeneity tests and trend test

Homogenity test Sig
Petit Test <0.001
Buishand Test <0.001

Normal Standard Test <0.001
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Table 3 The trend results of precipitation data

Station Month Increasing Decreasing
Esmail .
abad April
Talkhe October
char
June
Jamilabad
November
Hossain .
abad April
Dolat
abad July
Rabor May
Soltani April
Kiskan November
Galu char May
April
Maidan
January
Namzad April
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