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Extended Abstract

Introduction: Monitoring meteorological drought, as the base of other droughts, is of paramount
importance in water resources management. Kohgilooyeh and Boyer Ahmad geographical
location is in the western south of Iran. Since Karoun, Maroun and Zohreh, as three important
rivers, originate in the upstream of this province, assessment of drought seems to be necessary
for the region. This study aims to evaluate the spatial and temporal variation of meteorological
drought of the province using Standard Precipitation Index (SPI) index.

Materials and methods: To do this, SPI of 1, 3, 9, 12, 24, and 48-month timescale intervals for
each station was calculated. Then statistical properties of SPI with different intervals were
computed and time series of the SPIs in all of the stations were prepared and visualized. Finally,
spatial maps of the SPIs were prepared and evaluated.

Results and Discussion: Assessment of statistical properties of SPI in different intervals showed
that in all of the 14 stations, wet and dry periods have happened, in such a way that their
occurrence was frequent in a short period of time. The location (stations) of the most severe
drought and wet periods with different intervals was also determined. Results showed that not
only drought trend is different in the stations, but also at one station differs in various time
scales. The spatial map of province drought showed that 1, 3 and 6-month drought intensity in
western regions of the province is lower than the eastern regions. The intensity of drought in
western regions, and drought extent, increases as SPI time scale varies from low to high. In
most of the stations, frequency and intensity of droughts decrease with time scale increasing.
In the evaluated duration, 1 and 3-month drought intensity is decreasing, 9 and 12 months is
increasing, and 24 and 48-month droughts are going to initiated. Short-time drought assessment
(1, 3, 6 and 9 months) showed that in the Darshahi, Chitab, and Ghalea Reaisy stations, deeper
short times drought events have occurred. Long-time drought (12, 24 and 48 months)
assessment showed continuous and long drought events in the region.

Conclusions: Kohgilooyeh and Boyer Ahmad is affected by short and long-time meteorological
drought in different regions, which could be an alarm for Karoun, Maroun and Zohreh rivers
stakeholders. Spatial SPI maps with different intervals could be used for forecasting
meteorological drought for the agriculture uses, and also livestock and industrial location
selection.
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1. Non-stationarity
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Table 2- Statistical properties of SP1 1-Months of the stations

Months

< = o (@] » v} o oo

(SPI 1-Month) ElLeR2|12 |2 |5 |Fls |E 2| S LERE| Sz |z

i 2 = = = = 3 = = =
Station § § %3 g B g 5 é g g = % § g;_ § oy E &
min 14| 21| 21| 25| 25| 25|19 -13]|-12|-13|15]|13]|-21]|-25]-25
max 20 21| 21| 20| 21| 21| 21| 20| 21| 21| 22| 20| 21| 18 2.2
ave 02| -06|-06|-09|-08|-08|-05]|-02]|-02|-03|-03|-02]|-06]-06]-09]|-02
Numbe of Very
Sever Wet Months 1 1 1 0 1 1 1 1 2 1 1 1 1 0 0 2
Number of Sever
Wet Months 2 1 2 3 2 2 2 2 1 1 2 3 2 6 1 6
Number of Moderate
Wet Months 1 8| 12| o| 8| 10| 00| 9| 10| 13| 8| 10| 10| 4| 4| 13
Number of Normal 50 | 47| 41| 44| 45| 46| 46| 47| 42| 43| 44| 46| 42| s90| 4| s0
Months
Number of Weak 10| 2] 18] 10| 17| 9| 12| 30| 20| 10| 20| 16| 19| 20| 9| 30
Drought Months
Number of Moderate
Drought Months 49 ol of o of of o 34| 48| 55| a7| 47| o0 1| ol =5
Number of Sever
Drought Months 0 0 0 0 0 0] 53 0 0 0 0 0 0 0 0| 53
Number of Very
Sever Drought o| 54| 50| 57| s0| s5| o| o o| of ol of 4| 43| o] 57
Months
Max Duration of
Very sever Drought 0 6 6 7 6 8 0 0 0 0 0 0 5 4 0 8
Number of Drought 50| 66| 68| 67| 67| 64| 64| 64| 68| 65| 68| 63| 68| 64| 59| 68
Months
Number of Wet | 10| 14| 12 12| 18| 18] 12| 13| 5] 12| 14| 13| 0] 0] 15
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erties of SPI1 3-Months of the stations

Table 3- Statistical pro

3 Z
— 2. o o @ (@]
< 2 o) 3 w o)
(SPI 3-Month) Elg &g |2 |s|F|2|€|2|s|818|2|z]|:z
. = = = 2 7 =3 =
Station § L§_ ?3,' B E] g 5 g g @ % § 2 g = > x
@ = o
o =
min 14| 21| 21| 25|-25|-25|-19|-13]|-12]|-13|-15]|-13| 21| -25]-25
max 19 | 18 | 17 | 17 | 18 | 1.8 | 1.8 | 1.7 | 1.8 | 18 | 18 | 1.7 | 1.7 | 14 1.9
ave 01|-04]|-03|05|-05]|-05|-03|-01]-00]|-01]-01]-01|-04]|-03]-05]-01
Number of Very
Sever Wet Moths 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Number of Sever
Wet Months 3 2 2 5 3 4 3 4 5 4 4 4 3 0 0 5
Number of
Moderate 10| 13| 12 7 9 9| 11| 11 9| 12| 12| 10| 12| 20 7| 20
Wet Months
Number of Normal
55| 45| 48| 51| 54| 47| 49| 48 | 51 | 47 | 45 | 53 | 48 | 40 | 40 | 55
Months
Number of Weak 21| 21| 18| 19| 14| 26| 18| 33 | 32| 26 | 28| 25 | 16 | 20 | 14 | 33
Drought Months
Number of
Moderate 34 9| 14 7] 12 4 9| 27 | 23| 34| 33| 31| 15| 5 4 | 34
Drought Months
Number of Sever
Drought Months 0 1 6 0 4 2] 33| 0 0 0 0 0 4 9 0 | 33
Number of Very
Sever rought wonths 0 32| 23| 34| 27| 31 ol o 0 0 0 0 | 25| 2 | o | 34
Max Duration of ol 6| 6| 7| 6| 8| olo | oo o|lo]| 55| 4] o]es
Very sever Drought
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Table 4- Statistical properties of SP1 6-Months of the stations
< 5 Byl 9 %) 2 v |2 g Q @) Q
(SP1 6-Month) E|l s 222|258 |g |53 |8 8e|S|8EE|2 3|3
Station S| & s | 8|5 |s|5|g |5 5|8 |8 3|8 |5 |¢%
= s 28 o =5 = 3 g |8 iy 5 |58 2
=
min 14| 21| -21|-25|25|-25]|-19|-13|-12]|-13|-15|-13]|-21| 24| -25
max 18 | 16 | 16 | 16 | 17| 17 | 27| 16 | 1.7 | 1.7 | 15 | 14 | 16 | 13 18
ave 00 |-02|-02|-02]|-02|-02]-01]00]|o01]00]00]|o01]-02]|-01]|-02]o01
Number of Very
Sever Wet Months 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| o
Number of Sever
Wet Months 2 2 2 2 2 2 2 2 3 2 1 0 2 0 0| 3
Number of Moderate | 1, | 14 | 14| 15| 15| 15| 16| 20| 19| 17| 20| 17| 18 8 8| 21
Wet Months
Number of Normal 51| 44| 44| 44| a1 | 41| 39| 44| 44| 46| 42| 58| 37| 54| 37| 58
Months
Number of Weak
Drought Months 33| 35| 34| 35| 40| 36| 39| 36| 37| 36| 37| 34| 39| 44| 33| 44
Number of Moderate
Drought Months 19 8| 10 8 6| 10 70 21| 20| 2| 22| 14 9 9 6| 22
Number of Sever
Drought Months o 1 9| 10 8 8| 18 0 0 0 0 0] 12 2 0| 18
Number of Very
Sever Drought 0 9| 10 9| 11| 1 0 0 0 0 0 0 6 6 0| 1
Months
Max Duration of ol 6| 6| 7| 6| 8| o of o o] of of s| 4| of s
Very sever Drought
Number of Drought 53| 63| 63| 62| 65| 65| 66| 57| 57| 58| 59| 48| 66| 61| 48| 66
Months
Number of Wet 19| 16| 16| 17| 17| 17| 18| 22| 22| 19| 2| 17| 20 8 8| 22
Months
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Table 5- Statistical properties of SPI 9-Months of the stations

< 2 - o w 9 w 2 9 % Q
(SPI 9-Month) = 5 R2|1 92|22 |F|8|EBe| &2 28|92 |3 |s
Station e s 2z | 8| = | 2|3 |8 S 55 | B |28 25|25 |¢8

] e |2 o S = = 4 2 | a s |23 2

= 5 = =3 = = S >
min 14 | 21| -21 | 25| 25| -25|-19 | -13 | -12 | -13 | -15 | -1.3 | -21 | -25 | -25
max 1.7 15 15 15 1.6 1.6 15 1.4 15 1.6 1.2 13 15 1.1 1.7
ave 00 | 01]-01|-01|-01]|-01]-01]01|01|01|00]|01]|-01]|-01]|-01]|01

Number of Very
Sever Wet Months

Number of Sever
Wet Months

Number of Moderate
Wet Months

Number of Normal

Months 47 44 49 32 43 40 41 50 43 52 49 47 42 62 32 62

Number of Weak

Drought Months 55 38 40 49 49 50 50 45 54 41 51 53 43 30 30 55

Number of Moderate

Drought Months 10 16 11 14 13 11 12 13 10 18 10 9 17 17 9 18

Number of Sever
Drought Months

Number of Very
Sever Drought Months

Max Duration of
Very sever Drought

Number of Drought

Months 65 63 61 71 68 70 67 58 64 59 61 63 67 54 54 71
Number of Wet

Months 11 16 13 20 12 13 15 15 16 12 13 13 14 7 7 20
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Table 6. Statistical properties of SP1 12-Months of the stations

< 5 oe 9 » 9 o 2 9 2 lo 2
(SP1 12-Month) & |s gz 212 |5 |g|s|8] 212|232 g8 2| s 3
Station § é 28 8 = g 5 g g i.::' 5 3 = 23 oy E 3

o =2 =3 =1 >

min 14| 21| -21|-25|-25|-25]|-19|-13]|-12|-13|-15|-13|-21-25|-25
max 15 13| 13| 13| 14 | 14 | 13| 12| 14| 14 | 12| 12| 13 | 08 15
ave 01|-01|-01]-01]|-01|-01]-00]01]|01]01]|01]|01]-01]|-01]-01]01
Number of Very ol oflo|lof|o|lo|o]o|lo]o]o|lo]|o]ol|o]o

Sever Wet Months

Number of Sever
Wet Months

Number of Moderate

Wet Months 12 11 8 16 11 12 9 11 15 14 4 5 10 0 0 16

Number of Normal

59 56 62 39 50 55 60 62 58 57 68 61 60 81 39 81
Months

Number of Weak

Drought Months 37 35 35 51 38 32 39 34 43 36 40 52 29 16 16 52

Number of Moderate

Drought Months 15 9 3 4 11 16 3 16 7 16 11 4 8 20 3 20

Number of Sever
Drought Months

Number of Very
Sever Drought 0 4 3 3 3 3 0 0 0 0 0 0 3 3 0 4
Months

Max Duration of
Very sever Drought

Number of Drought

52 56 53 68 62 56 54 50 50 52 51 57 53 42 42 68
Months

Number of Wet

12 11 8 16 11 12 9 11 15 14 4 5 10 0 0 16
Months
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Table 7. Statistical properties of SP1 24-Months of the stations
— (@] @ [}
< L Do o) = g 92} = o | 9 2 o=
S(tSli_I 24-Month) 2 s ez |28 2 g |- 2 % g 2 % S g g g 2 3
o » o D D c = =
ation S % 2 S = e = é g 5 = % § 2 g D 3
min 14 | 21| -21|-25|-25|-25]|-19|-13|-12|-13|-15|-13|-21|-25]-25
max 120 |09 |09 | 21|09 |21 |08 09| 1 |11 09| 08]09] 07 1.1
ave 01 |-01|-01|-01]|01]-01]00]01|01]|01|01]|01]-01]-01]-01]01
Number of Very
Sever Wet Months 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Number of Sever
Wet Monthe 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Number of Moderate
Wet Months 7 0 0 4 0 8 0 0 1 8 0 0 0 0 0 8
Number of Normal 60 | 73 | 76 | 57 | 73 | e5 | 74 | 74 | 73 | 66 | 73 | 76 | 74 | 78 | 57 | 78
Months
Number of Weak 32 | 34 | 24 | 38| 27| 25 | 20 | 34 | 35 | 35 | 46 | 38 | 23| 21 | 21 | 46
Drought Months
Number of Moderate
Drought Months 15 2 9 9 9 11 9 15 | 14 | 14 | 4 13 | 12 | 10 2 | 15
Number of Sever
Drought Months 0 9 10 9 1 1 11 0 0 0 0 0 011 0 |1
Number of Very
Sever Drought Months | ° 5 4 4 | 13 | 12 0 0 0 0 0 0 4 3 0 | 13
Max Duration of ol 6|6 | 76| 8]o|olo|lolo]|]ol|s]| al|o]s
Very sever Drought
Numberof Drought | 47 | 50 | 47 | 62 | 50 | 50 | 49 | 49 | 49 | 49 | 50 | 47 | a9 | 45 | 45 | 62
Months
Number of Wet 71 oo | a]o|le]lo|olzs]|e|lo]olo]olo]s
Months
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Table 8. Statistical properties of SP1 48-Months of the stations
2 Z
o 2. Q g ® @)
o = O
(SP1 48-Month) § sl 8|22 |s|8|5|¢8 12181289z |s3
i o o > = = o = @ =2 5
Station § % g g ] g z £ g % % % s ‘i_ 5 5 &
@ =0 QD
S =
min 14 | 21| -21|-25|-25|-25|-19|-13|-12|-13|-15|-13|-21|-25]|-25
max 09 | 09 |09 | 11| 08| 120]| 07 ] 091|120 10|07 |08]| 09|07 1.1
ave 01 |-01|-01|-01]|-01]-01]001]01|01]|01|01]|01]-01]-01]-01]01
Number of Very
Sever Wet Months 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Number of Sever
Wet Months 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Number of Moderate
Wet Months 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 | 10
Number of Normal 85 | 83 | 84 | 62 | 85 | 73 | 84 | &5 | 84 | 81 | 84 | &5 | 72 | 82 | 62 | 85
Months
Number of Weak 12 | 12 | 13| 25 | 12 | 24 | 14 | 12 | 13 | 16 | 25 | 24 | 25 | 17 | 12 | 25
Drought Months
Number of Moderate
Drought Months 26 | 10 | 0 7 0 0 12 | 26 | 26 | 26 | 13 | 14 1 10 | o | 26
Number of Sever
Drought Months 0 12 | 12 4 | 11| 11| 13 0 0 0 0 0 2 | 11| o | 13
Number of Very
Sever Drought Months | ° 5 13 | 14 | 14 | 15 | 0 0 0 0 0 0 13 3 0 | 15
Max Duration of ol 6|6 | 76| 8]o|oflo|lolo]|]ol|s]| 4a]|o]s
Very sever Drought
Number of Drought 38 | 40 | 30 | 51 | 38 | 50 | 39 | 38 | 30 | 42 | 39 | 38 | 51 | 41 | 38 | 51
Months
Number of Wet 0 0 o | 10] o 0 0 0 0 0 0 0 0 0 0 | 10
Months
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Figure 3- Spatial variation of SPI in the province
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