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Table 1- Climatic and geographic specifications of study stations (Hasanalizadeh et al., 2014)
(Hasanalizadeh et al., 2014) Jllho ool | oLl p2 — ol Sluoguas —) Jgus

Altitude  Longitude  Elevation Mean Annual

Mean Annual

Station (°N) (°E) (m) Precipitation (mm)  Temperature (°C) Climate

Aq gala 37.01 54.28 -12 419.81 19.09 Semi Arid

Araz kooseh 37.13 55.08 34 468.57 18.33 Semi Arid

Behlakeh dashli 37.04 54.47 24 396.85 17.31 Semi Arid

Cheshmeh khan 37.18 56.07 1250 234.1 11.76 Semi Arid

Fazel abad 36.54 54.45 210 708.75 17.35 Semi Wet

Ghafar haji 37.00 54.08 -22 462.73 17.26 Semi Arid
Ramian 37.01 55.08 200 929.31 16.86 Wet
Robat gareh bil 37.21 56.18 1450 195.74 12.21 Arid
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F(x) = [(1 + « )B] ) Table 2- Different classes of meteorological drought
X—Yy based on SPI and SPEI indices
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Table 3- Characteristic of different observed drought classes using SPI and SPEI indices in 3 months time step in
study stations

Wl sollws ! jo aale ¥ SPEI g SPI JLuSLis sbo Ll ool sl Jlslis Glico sl S dasin -Y Jgoo

Station Very Moderately Mild  Moderate Severe Total wet  Total arid
Wet Wet Wet Drought Drought events events

SPI 25 34 239 50 21 59 71
Aq qala SPEI 23 27 255 32 24 60 56
SPI 25 42 242 43 19 67 62
Arazkooseh — qpp g 29 262 31 23 55 54
. SPI 22 34 251 36 28 56 64
Behlakeh dashli - gpp) 59 45 247 32 26 66 58
SPI 27 38 246 33 27 65 60
Cheshmehkhan oo 55 32 262 31 23 55 54
SPI 23 43 236 47 22 66 69
Fazel abad SPEI 21 39 257 32 22 60 54
N SPI 26 42 238 42 23 68 65
Ghafar haji SPEI 23 40 245 4 22 63 63
Ramvan SPI 27 20 258 42 24 47 66
y SPEI 27 19 271 29 25 46 54
Robat qareh bil P! 26 33 254 36 22 59 58
q SPEI 24 32 264 28 23 56 51

Table 4- Characteristic of different observed drought classes using SPI and SPEI indices in 6 months time
step in study stations.
oWl soliws| jo anle # SPEI ¢ SPI Jluslis by ool bouds gl Jlusis iz s S aasin -F Joua

Station Very  Moderately Mild  Moderate Severe Total wet  Total arid
Wet Wet Wet Drought Drought events events

Aq qala SPI 24 37 235 47 23 61 70
a4 SPEI 28 25 260 36 22 53 58
Araz kooseh SPI 23 37 254 35 22 60 57
SPEI 25 22 275 26 23 47 49
. SPI 24 42 244 42 19 66 61
Behlakehdashli - oo o5 39 253 29 28 61 57
SPI 23 38 251 32 27 61 59
Cheshmehkhan oo 5 39 258 24 30 59 54
SPI 24 43 244 35 25 67 60
Fazel abad SPEI 18 42 261 29 21 60 50
Ghatar haii SPI 23 29 255 M 23 52 64
J SPEI 24 27 262 36 22 51 58
Ramvan SPI 26 26 262 29 28 52 57
y SPEI 26 20 278 25 22 46 47
. SPI 28 38 248 34 23 66 57
Robatgareh bil - opp) o) 38 255 30 26 60 56
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Table 5- Characteristic of different observed drought classes using SPI and SPEI indices in 12 months time step in
study stations

Slas cbolKiw 55 anlo )Y SPEI § SPI Jlusis by s lis b oo Gialy JlaasSis ciliseo slo pwdlS’ dasio -0 Jgoo

Very Moderately Mild Moderate Severe Total wet  Total arid

Station Wet Wet Wet Drought Drought events events
Aq gala SPI 24 41 218 57 20 65 77
adq SPEI 26 34 255 39 17 60 56
Araz kooseh SPI 25 34 253 4 18 59 59
SPEI 31 21 274 29 16 52 45
Y 20 46 234 61 10 66 71
Behlakeh dashli o) 19 43 261 22 26 62 48
SPI 25 35 248 42 21 60 63
Cheshmeh khan  opp, 11 50 240 47 23 61 70
Fazel abad SPI 22 30 269 24 26 52 50
SPEI 20 25 257 34 17 45 51
Ghatar haji SPI 16 37 256 32 30 53 62
SPEI 20 32 262 27 30 52 57
SPI 24 30 269 30 17 64 48
Ramyan SPEI 23 8 208 28 14 31 46
. SPI 26 59 231 37 18 85 55
Robatgareh bil - opp 55 30 251 33 25 62 62

Table 6- Characteristic of different observed drought classes using SPI and SPEI indices in 24 months time step in
study stations

Wl ol o asle YF SPEI g SPI JLuSis sl sl b ool gul Jlslis bz s S dasin -F Jgoo
Very Moderately Mild  Moderate Severe Total wet  Total arid

Station Wet Wet Wet Drought Drought events events
Aq qala SPI 26 38 223 38 23 64 61
a4 SPEI 27 26 269 26 23 53 49
Araz kooseh SPI 27 13 269 44 18 40 62
SPEI 17 32 260 47 15 49 62
. SPI 24 42 233 53 19 66 72
Behlakehdashli — opp) o 29 258 30 28 55 58
SPI 29 34 259 25 24 63 49
Cheshmeh khan o) 9 53 247 27 35 62 62
SPI 23 27 264 27 30 50 57
Fazel abad SPEI 21 13 285 28 24 34 52
Ghafar haii SPI 16 4 247 44 23 57 67
J SPEI 20 32 262 27 30 52 57
Ramvan SPI 26 16 281 25 23 42 48
y SPEI 28 7 293 24 19 35 43
. SPI 32 53 233 31 22 85 53
Robatgareh bil - opp) 7 41 261 27 25 58 52

Table 7- Correlation coefficient between SPI and SPEI indices in different time steps
iz oy s pw 5o SPEI ¢ SPI (a5l 98 oy M o o -Y Jgoo

Station 3 months time step 6 months time step 12 months time step 24 months time step
Aqg gala 0.68 0.58 0.47 0.38
Araz kooseh 0.86 0.86 0.85 0.86
Behlakeh dashli 0.83 0.8 0.76 0.71
Cheshmeh khan 0.86 0.88 0.86 0.85
Fazel abad 0.94 0.94 0.94 0.94
Ghafar haji 0.94 0.94 0.93 0.68
Ramian 0.95 0.95 0.93 0.89

Robat gareh bil 0.57 0.53 0.52 0.51
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Figure 1- Different observed classes using SP1 index in 8 stations of Golestan province, respectively in A) spring, B)
summer, C) autumn and D) winter seasons
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Figure 2- Different observed classes using SPEI index in 8 stations of Golestan province, respectively in A) spring, B)
summer, C) autumn and D) winter seasons
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Figure 3- Different observed classes using SPI and SPEI indices in stations of Golestan province, respectively in A)
Aqg Qala, B) Araz Kooseh, C) Behlakeh Dashli and D) Cheshmeh Khan in 12 month time step
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Figure 4- Different observed classes using SPI and SPEI indices in stations of Golestan province, respectively in A)
Ag Qala, B) Araz Kooseh, C) Behlakeh Dashli and D) Cheshmeh Khan in 12 month time step
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Abstract

Precipitation-based drought indices including the SPI generally neglect the effect of other variables such as
temperature and evapotranspiration on drought intensity. However, some studies have confirmed the systematic
errors involved. Therefore, alternate indices like Standardized Precipitation Evapotranspiration Index (SPEI)
have been proposed. The current comparative study was aimed to evaluate the SPI and SPEI indices’ skill for
drought monitoring in different climatic regions of Golestan province. The results were analyzed in different
seasons based on the correlation between SPI and SPEI indices classes in a 12-month window. The results
showed that in more humid regions, the correlation between the two indices is higher. Similarly, in smaller time
scales, the correlation was higher. The SPEI detects greater number of wet and dry spells comparing to SPI.
Significant correlation between the two indices was observed at Ramyan station using Pearson's parametric test
at 95% confidence level for 3 and 6 months time series. Seasonal frequency analysis of drought classes showed
that both indices have more inter-classes variations in summer. Maximum number of severe and extreme
drought events was observed at Ghaffar Haji station during summer using both indices. Also the comparison of
SPI and SPEI time series showed that SPEI index detects longer wet and dry periods, but SPI index revealed
bigger extreme values.
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