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1- Standardized Precipitation Index (SPI)

2- Standardized Precipitation Evapotranspiration Index
(SPEI)

3- Reconnaissance Drought Index (RDI)

4- Reconnaissance Drought Index Effective (eRDI)
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1- Standard Normal Homogeneity
2- Buishand’s Range Test

3- Buishand’s U Test

4- Petite’s Test
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Table 1- Different clasess of drought intencity based on SPI, SPEI, RDI and eRDI indices (21, 35, 33 & 32)
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Figure 1- Time series of mean annual precipitation and temprature values at Tabriz and Arak stations in two annual and
plant growth period scales
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Figure 2- Time series of SPI, SPEI, RDI and eRDI indices values, at Tabriz and Arak stations for two annual and plant
growth period scales
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Figure 3- The probability values of vulnerability, reliability and reversibility characteristics in two periods before (1) and

after (2) from the break point of precipitation data at two stations of Tabriz and Arak for both annual and plant growth
peroid scales
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Table 4- Properties of drought periods based on Run theory in two periods before (1) and after (2) from the break point of
precipitation data at two stations in Tabriz and Arak at two annual scales and plant growth period

S

4 .. E Duration length eglud Severity s Magnitude 8,3
Property e 33 ?9 <o
ST = S
@ = x a2 e ‘3‘ 5 4 '3\ 5 4 4 xs‘ 3 4
§ 8 & %5 95 4¢ s 33 E = s 33 LI s 23
& E <% v A i< w= 3% §< §®= B3 {2 §=
= 1 7 100 1.43 3.00 05 -0.43 -1.18 0.5 028  -0.59
@2 8 1.00 2.50 6.00 0.2 -2.48 -6.83 -0.2 -0.85 151
_ o 1! 6 1.00 150 3.00 -0.25 -0.99 2.94 0.22 -0.63 119
= o
2. 0 2 7 1.00 3.14 9.00 -0.34 -2.68 -9.12 0.34 0.77 16
S £ 5 6 1.00 133 3.00 026  -0.67 1.6 -0.26 -0.49 -1.9
g 2 7 1.00 3.14 9.00 0.8 2.86 -8.95 0.8 -0.81 141
z g 1 6 100 1.50 3.00 -0.17 094 285 -0.17 059 -0.98
[h4
= s 2 8 1.00 2.75 9.00 -0.28 -2.25 -8.73 -0.28 075 178
o 1 4 1.00
E = 175 3.00 -0.36 117 27 -0.36 -0.57 -0.9
8 22 7 1.00 3.14 7.00 -0.27 -2.61 -6.54 -0.27 -0.66 1.2
O
£ 5 @ ! 3 1.00 1.67 3.00 -0.32 -1.54 -3.16 -0.32 084 -114
© 3 o
s o 2 5 1.00 4.40 8.00 0.2 -3.99 -8.89 0.2 -0.71 -1.15
8 5 ! 4 100 150 3.00 04 112 33 04 062  -114
2 6 1.00 3.67 7.00 -0.29 32 7.88 -0.29 0.71 113
5 1 3 1.00 1.67 3.00 0.6 -1.41 31 06 0.72 18
x 1.00
) 5 : 4.00 8.00 -0.12 3.72 -8.93 0.12 -0.87 -1.69
= 1 7 100 143 3.00 03 045 111 0.3 03 055
22 8 1.00 2.50 6.00 0.6 2.46 -6.67 -0.6 -0.86 15
_ o 1! 6 1.00 167 3.00 0.4 1.24 -3.84 0.2 -0.74 -1.28
5 % 1.00
9 52 7 : 3.29 9.00 -0.28 253 9.2 -0.28 -0.65 -1
£ 5 1 6 100 150 3.00 0.23 0.7 -1.67 -0.23 047 -16
2 7 1.00 3.14 9.00 0.1 2.85 -8.91 0.1 -0.81 142
3 5 1 6 1.00 150 3.00 -0.13 1.2 3.4 -0.13 -0.63 11
% x 1.00
= @ 2 7 : 3.29 9.00 -0.28 -2.63 -8.87 -0.28 -0.7 -1.38
2 = 1 4 100 150 3.00 0.44 1.2 2.1 -0.44 069 115
< @2 7 1.00 3.00 7.00 -0.47 2.7 6 -0.47 -0.83 1.27
g @ ! 5 1.00 1.60 3.00 -0.19 1.2 -3.87 -0.19 -0.61 -1.29
N o
X5 2 3 1.00 7.00 14.00 -0.72 -6.41 -12.16 -0.72 -0.88 -1.6
8 z 1 4 100 150 3.00 016  -L12 275 -0.16 066 122
= 4 1.00
2 7 : 3.00 7.00 -0.42 2.82 7.45 0.42 -0.75 11
5 1 5 1.00 1.40 3.00 0.2 0.92 31 0.2 05 115
@ 1.00
> 2 4 : 5.00 9.00 -1.61 -4.65 -8.68 0.4 -1.7 -1.86
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Table 5- Properties of non-drought periods based on Run theory in two periods before (1) and after (2) from the break point
of precipitation data at two stations in Tabriz and Arak for two annual and plant growth period scales

gesuie ‘3 Duration length sglas severity s Magnitude 5,3
Property j s =
zZ QD
c >3 35 2 T 4 E 1 4 E T 3
§ £ & %% ,0 B 3 N 9 3 N E 3 N
A s £ °a T = & % c I % c & %
n [ = 4 ] = g 3 = g 3
& > < p= = < p= = < >
= ! 8 100 2.00 4.00 0.17 1.97 4.19 0.17 0.92 1.67
[7p)
2 ! 1.00 1.86 5.00 0.10 1.30 2.10 0.10 0.57 15
z ! 6 100 2.83 5.00 1.24 2.73 5.25 0.62 1.00 1.45
= [a
3 o2 6 1.00 1.83 5.00 0.10 1.46 5.79 0.10 0.64 1.16
% 5 = ! ! 100 2.57 5.00 0.70 2.26 4.47 0.70 0.85 14
~ a4
3 2 6 100 1.83 5.00 0.10 1.37 5.32 0.10 0.60 1.6
2’ a ! 6 100 2.83 5.00 0.59 2.44 5.89 0.30 0.88 1.54
[h
§ s 2 ! 100 1.57 5.00 0.40 1.28 6.43 0.40 0.54 1.29
a
£ = ! 4 100 450 11.00 0.52 4.20 11.89 052 0.79 1.8
2 o2 7 1.00
5 1.71 4,00 0.13 0.89 2.28 0.13 0.53 1.14
N ! 8 100 6.67 12.00 0.83 5.45 9.82 0.81 0.82 0.83
o N o
; @ 2 6 1.00 2.00 4.00 0.70 1.38 4.40 0.70 0.56 1.38
g 3 ! 4 1.00 475 12.00 0.71 4.60 10.49 0.71 0.85 1.1
e 2 7 1.00
: 171 4,00 0.28 1.70 3.35 0.25 0.59 1.27
3 ! 8 100 6.67 12.00 0.81 473 7.87 0.66 0.75 0.81
a4
s 2 6 100 2.33 6.00 0.50 1.44 4.80 0.50 0.37 1.2
= ! 8 100 2.00 4.00 0.13 1.96 4.14 0.13 0.91 1.65
[7p)
2 ! 1.00 1.86 5.00 0.70 1.40 2.11 0.70 0.57 1.6
z ! 6 100 2.67 5.00 0.72 2.78 6.43 0.71 0.97 1.29
- o
3 o2 6 1.00 1.67 5.00 0.18 1.48 5.96 0.18 0.69 1.19
E 3 ! 6 1.00 2.83 5.00 1.10 2.70 4.87 0.70 0.95 1.1
a4
2 6 1.00 1.83 5.00 0.70 1.32 5.12 0.70 0.60 1.2
3 a ! 6 1.00 2.83 6.00 0.47 2.63 6.95 0.47 0.82 1.16
d [h
c—i s 2 6 1.00 1.67 5.00 0.14 1.46 6.80 0.14 0.65 1.22
2 1 4 1.00
£ = 5.00 12.00 0.35 435 12.98 0.35 0.66 1.8
wn
2 ! 1.00 1.71 4.00 0.21 0.82 1.98 0.12 0.51 1.33
P 1 5 1.00 3.60 8.00 0.63 3.14 7.11 0.63 0.87 1.35
A5 2 3 1.00
N @ ' 4.00 6.00 0.40 3.20 5.47 0.40 0.59 0.91
E a ! 4 1.00 5.00 12.00 0.50 4.28 11.15 0.50 0.76 0.99
T2 7 1.00 1.71 4.00 0.12 1.10 3.36 0.12 0.56 1.64
a ! 5 100 3.80 8.00 0.61 2.89 6.84 058 0.76 1.9
@ 2 4 1.00

3.25 6.00 0.40 2.18 491 0.40 0.43 0.82
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Introduction: Drought is a climatic phenomenon and an integral part of climate fluctuations that occurs
periodically and intermittently throughout the world and across all climates. However, the magnitude of this
natural hazard in arid and semi-arid regions, such as most parts of Iran, is more acute due to the high sensitivity
and weakness of these areas, and its effects may persist for years after the occurrence of drought. Drought is a
multifaceted phenomenon as precipitation, temperature, evaporation, wind and relative humidity play important
roles in the drought characteristics such as occurrence, severity, and magnitude. Climate change and global
warming, and in some cases displacement of meteorological stations cause heterogeneity in time series of
meteorological data. Therefore, the purpose of this study was to investigate the homogeneity and break point in
precipitation time series data and the effects of a break point in drought characteristics in some synoptic stations
in Iran.

Materials and Methods: In this study, homogeneity of rainfall time series data at two time scales of annual
(water year) and plant growth periods in some selected synoptic stations of Iran with different climatic
conditions was investigated. For this purpose, four tests including Standardized Normal Homogeneity test
(SNH), Buishand’s Range test (BHR), Buishand’s U test (BUR) and Petite’s test were applied and the break
points were determined. Then, at the stations with break points in the precipitation data series, the drought
severity values were determined using four indices of SPI, SPEI, RDI and eRDI, for two periods, (before and
after of the break points). Then drought characteristics based on Markov Chain Model and Transition probability
matrix including vulnerability, reliability, reversibility and stationary of three condition of droughts (dry, normal
and/or wet condition) were determined for the two time scales periods (annual and plant growth periods). Then,
the differences between the characteristics for the two periods were investigated. Also, the characteristics of
drought-free time intervals for the two periods based on Run’s theory were determined and compared.

Results and Discussion: Based on the homogeneity tests, precipitation data of Arak and Tabriz stations for
two scales of annual and plant growth periods have break points. According to the results, in the most cases, the
second period's reversibility was lower than the first period. Reliability and vulnerability also decreased and
increased in all cases in the second period, respectively, compared with the first period. In most cases, there was
an increase in stationary of drought in the second period relative to the first period. The rate of change in the
probability of survival of the normal and wet condition in both periods was increasing and in some cases
decreasing. Regarding the results of Run’s theory at the growth periods scale, the average and maximum
duration of drought periods increased in all cases in the second period. The minimum, average and maximum
severity of drought periods also increased in most cases in the second period. The minimum, average, and
maximum values increased in most cases in the second period. On an annual basis, the number of drought
periods in most cases has increased in the second period. The average and maximum duration of drought periods
increased in all cases in the second period. The minimum, average, and maximum severity of drought periods
also increased almost in all cases in the second period. Minimum, average, and maximum of drought magnitude
values increased in most cases in the second period with respect to the first one. The minimum, average and
maximum values of the drought-free durations (interval time without drought conditions) in most cases were
lower in the second period. At the annual scale, the minimum duration of drought was one year in all cases and
no change was found between the time slices. The average duration in most cases was lower in the second
period.

Conclusion: The results show that the rainfall data of Arak and Tabriz stations have break points in the time
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scales of plant growth period and annual periods. The reliability was decreasing while the vulnerability of
drought was increasing in the second period, indicating an increase in drought occurrence in recent decades.
Moreover, the probability of drought stability (stationary) in the second period increased in most cases. The
average and maximum duration of drought periods also increased in the second period. The minimum, average,
and maximum drought severity, and the minimum, average, and maximum of magnitude of drought periods were
higher during the second period. In most cases, the minimum, average, and maximum of severity and magnitude
of drought-free time intervals were lower in the second period. In general, difference in the characteristics of
drought before and after of precipitation break point can be due to increased evapotranspiration, as a result of
global warming, intensifying the effects of drought. Moreover, based on the results of the eRDI index, the
climatic conditions became drier in both stations and time periods. In other words, it can be stated that the
effective rainfall has decreased to some extent in recent years compared to the early years of the study period.
Further studies are needed to assess the changes in drought characteristics in all synoptic stations in the country
having long-term data.

Keywords: Breakpoint, eRDI index, RUN theory, Stationary, Transition probability matrix



