oly! ol aale Wl
Iran-Water Resources
Research

Development of ADI, the Aggregate Drought
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Abstract

Univariate indices can be useful for certain purposes but are
unable to comprehensively monitor drought characteristics as
a complex climate phenomenon. In this study, to monitor
agricultural drought conditions in Golestan province, the
multivariate index ADIhas been developed based on Principle
Component Analysis (PCA) technique using the results of
drought indices as inputs. For this purpose the daily
metrological variables from 10 synoptic and evaporative
stations were obtained for 33 hydrological years to compute
the values of 5 drought indices i.e. Standardized Precipitation
Index (SPI), Standardized Evapotranspiration—Precipitation
Index (SPEI), Palmer Drought Severity Index (PDSI), Z-
Index, and Soil Moisture Index (SMI) in monthly timescale.
Then by applying PCA technique and considering all
established components, the ADI drought index was
developed based on linear combinations of derivation
components for each of the studied stations. Finally the ADI
results were compared to common indices such as SPEI and
SPI. The results showed a strong correlation coefficient
between ADI and SPEI indices in wet regions and months of
November to March based on Kendal —Tau (greater than 0.8).
The degree of correlation were reduced during warm months
of April to June. Comparative study on the results of ADI and
SPEI showed that the ADI index as a multivariate index could
reflect the effects of input drought indices such as SMI and Z-
Index and present a more comprehensive drought monitoring.
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Table 1- Geographical and climatic characteristics of selected stations in Golestan province
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Geographic coordinates

Average annual

Average annual ET, (mm)

Town Station Longitude Latitude Elevation pre(é'rﬁ'r;[qa)non
(E) (N) (m)
Ag-qala 54-30 37-01 -12 413 1238
Sad Gorgan 54-44 37-12 12 338 1130
Ag-qala Behlake
. 54-47 37-03 24 402 1060
Dashli
Bandar ¢ tar Haji 54-08  36-59 22 455 960
Torkaman
Ramyian Ramyian 55-08 37-01 200 855 1063
Ali Abad Fazel Abad 54-45 36-54 210 698 1067
Kalaleh Tamar 55-30 37-29 132 554 1162
Gorgan Gorgan 54-24 36-54 13.3 528 999
Gonbad Araz Koseh 55-09 37-13 34.5 429 1201
Minudasht Minudasht 55-24 37-13 155 676 1070

Table 2- The percent and number of missing data in meteorological variable daily time series
owldlgd ol puio dilg, (s 6w 3 (HaBU sLaodld woyd g 3luni - Joua

Station TZA”':;LT{;TW Maximum Temperature Relative Humidity Precipitation
count percent count percent percent  count count  percent

Ag-gala 1072 9.2 258 2.2 77 0.07 4 0.00
Sad Gorgan 164 13 13 0.01 9 - - -
Behlake Dashli 670 55 294 25 74 0.06 - -
Gafar Haji 53 0.04 32 0.03 - - - -
Ramyian 217 1.9 60 0.05 4 0.00 - -
Fazel Abad 699 5.8 89 0.07 8 - - -

Tamar 73 0.06 18 0.01 3 0.00 3 0.00
Gorgan 11 0.01 13 0.01 5 0.00 - -
Araz Koseh 32 0.01 3 0.00 2 0.00 - -

Minudasht 579 5.2 584 5.2 524 4.6 211 1.8
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Table 3. Comparing the results of homogeneity tests for precipitation in selected stations
8 290 SWolRiual )3 (45,1 (godld SKed w2l Y Jgoa

Station Homogeneity SNH BHR PET VON
classes

Ag-gala Useful NS NS NS NS
Sad Gorgan Useful NS NS NS NS
Behlake Dashli Useful NS NS NS NS
Gafar Haji Useful NS NS NS NS
Ramiyan Useful NS p5 NS p5
Fazel Abad Useful p5 p5 p5 p5
Tamar Useful NS NS NS NS
Marave Tapeh Useful NS NS NS NS
Gorgan Useful p5 NS NS p5
Araz koseh Useful NS NS NS p5
Minudasht Doubtful NS pl NS pl

Significant at the 5% level (p5), Significant at the 1% level (p1) and none significant (NS)
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Table 4. The portion of each component in total variance of original data in given stations
Wy 390 SOl pd eol (o3ld (il ylg 51 o onad sLrAlGo I ST pew S —F Joua

Stations Varia}nce Months of growth season
portion Nov. Dec. Jan. Feb. Mar. Apr. May. Jun.
Comp. 1 0664 0644 0557 0665 0502 0535 0.537 0.442
Aq-Qala Comp. 2 0215 0233 0304 0222 0361 0328 0.296 0.344
Comp. 3 0064 0088 0100 0081 0082 0077 0.099 0.102
Total 0943 0965 0960 0.967 00945  0.939 0.932 0.869
Comp. 1 0731 0685 0746 0.743 0687 0677 0.630 0.465
Sad Comp. 2 063 0190 0116 0.150 0192  0.193 0.219 0.374
Gorgan Comp. 3 0061 0073 0.096 0079 0084  0.082 0.092 0.066
Total 0955 00948 0958 0973 0954  0.952 0.941 0.905
Comp. 1 - 0813 0785 0801 0751  0.801 0.705 0.526
Fazel Abad | COMP- 2 - 0112 0113 0112 0123  0.129 0.202 0.346
Comp. 3 - 0071 009 0079 0105  0.060 0.057 0.088
Total - 0996 0994 0992 0979  0.989 0.964 0.960
Comp. 1 0.827 0832 0765 0.820 0.729  0.704 0.608 0.608
Gafar Haji Comp. 2 0093 0114 0146 089 0204  0.229 0.271 0.271
Comp. 3 0045 0049 0075 0080  0.051 0.38 0.064 0.064
Total 0965 0995 0986 0989 0984 0971 0.943 0.943
Comp. 1 0.825 0844 0.800 0840 0.751  0.680 0.714 0.637
Araz Comp. 2 0109 0097 0137 0095 0.182  0.228 0.206 0.224
Koseh Comp. 3 0030 0049 0050 0051 0045  0.051 0.048 0.062
Total 0963 0989 0987 098 0978  0.959 0.969 0.923
Comp. 1 - 0537 0748 0.794 0729  0.762 0.640 0.536
Comp. 2 - 0200 0145 0118 0157  0.152 0.259 0.297
Gorgan Comp. 3 - 0.161 0.097 0080 0095  0.063 0.061 0.071
Total - 0.898 0990 0992 0980  0.978 0.961 0.904
Comp. 1 - 0797 0.805 0.805 0.809  0.804 0.743 0.614
. Comp. 2 - 0135 0105 0107 0119  0.105 0.204 0.281
amar Comp. 3 - 0064 0078 0078 0065 0063 0027  0.084
Total - 0995 00988 0991 0993  0.971 0.974 0.944
Comp. 1 0.601 0601 0816 0776 0844  0.819 0.829 0.714
Minudasnt  COMP- 2 0290 0110 0134 0091 0.106  0.080 0.191 0.350
Comp. 3 0086 0066 0.082 0057 0066  0.069 0.061 0.101
Total 0977 0992 0991 0992 0990 0978 0.967 0.924
Comp. 1 0.651 0.784 0.804 0.802 0.764  0.729 0.729 0.500
Ramiyan Comp. 2 0210 009 0113 0133 0.136  0.183 0.171 0.327
Comp. 3 0.104 0089 0078 0059 0.093  0.062 0.054 0.116
Total 0956 0969 0995 0994 0994 00984 0.964 0.942

2oLzl 3550 ilisee i b odel vty Slls polie Lo a5 a8
Ly Callas o 3 )bl Jlop asls S olwl

il glole (b Slyuss cnl W9y (oyn polate & bl
SPEI 5 SPI (slaasls g ADI sl Stused oy ke
Sigo & @l g awbew (1)) sb-Jlus ool galy
pAS CuiS (5093 slaole I S o (gly Spider Plot (slalyges
VUSE 3 o] b 4 600 i gy 2050 sloelSi] 5

sloole yiins > boya ADI asls odel Cuody = eal
03l b gky @by s )8y crplde b Jl
Sy (Shgbo) @By b ool Sl (S 5> iz y» A3l o SPE
3 59 ole 4 lead )4l i ADI asls huwgs ol
i ADE (asls ole 1 (S 30 susb) (i mlBy ololiis
03505 plwlid piute ) Joy ©ud 5 e | Jsis
Gl 4 onds gl ugby calisee lid Jlglyd puls .l

IYAF Glanl ¥ olond (o janwr Jw ¢yl o] O ailio ol
Volume 13, No. 2, Summer 2017 (IR-WRR)

50



obe Tp cupe polis ool Cawds =l Bl iledds a3l olis
sk clools b SPEI 5 SPI sl jasls 5 ADI asls

@ sl o) 3 SPEI asls L ADI [asls T, (Sised

o e s o i gbole o il oK) S lgie

R3] e ol Catign) b1 clbole b psSie gy oS

A S ey

b ool cul Hlade 1y il

a0 Ql Jde OU 9 J|>)$ ‘(;%D)I slole 4l & ) Calyly 1)

QG ol awlS abys U pdyeyd Jeld Jlo (il oS slaols
Cops pdlie ol 51 By 0 23 ole b oS g6k
Copd  (yp Lol ol sdnlio e Ty

&y cplio o Y dJUGJ Lgo,\ubbou;j &S ,\ub‘_;o /A YL

dbe ogb e slaole g (2lgi )3 S de slayadls

Ee

— SPEI

—— ADI

Sad Gorgan

anfe xapu|

o™
v

- ¥1-€10¢
- €T1-¢T0¢
- ¢T-T10¢
I TT1-0T0C
- 0T-600¢
I 60-880¢
I £0-900¢
I 90-500¢
I G0-¥00¢
I 70-€00¢
I €0-¢00¢
I ¢0-T00C
- 10-000¢
I 00-666T
I 86,661
I L6-966T
F 96-966T
I S6-7661
I ¥6-€661
I €6-C661
I ¢6-T66T
r 16-066T
I 68-886T
I 88-/86T
I L8-986T
r 98-9861
I G8-¥86T
I ¥8-€861
I €8-¢861

¢8-1861

Time

—— SPEI

—— ADI

Fazel Abad

anfeA xapu|

™
v

I v1-€T0C
I ¢1-TT0C
- 11-0T0C
- 0T-600¢
- 60-880¢
- 80-L00¢
- £0-900¢
I 90-500¢
- ¥0-€00¢
- €0-¢00C
- ¢0-T00¢C
- 10-000¢
- 00-666T
- 66-866T
- 86-L66T
- 96-966T
- G6-766T
- ¥6-€66T
- €6-¢66T
- ¢6-T66T
- 16-066T
- 06-686T
- 88-/86T
- /8-986T
- 98-G86T
- G8-786T
- ¥8-€86T
- €8-¢86T

¢8-186T

Time

—— SPEI

— ADI

Gafar Haji

anfeA xapu|

(32
v

r v1-€T0¢
I €1-¢T0¢
I ¢T-1T0¢
r 11-0T0¢
I 0T-600¢
- 60-880¢
- £0-900¢
I 90-500¢
I G0-¥00¢
- ¥0-€00C
- €0-¢00C
- ¢0-T00C
- 10-000¢
- 00-666T
- 86-,66T
169661
- 96-966T
- G6-766T
- 76-€66T
- €6-¢66T
- ¢6-T66T
- 16-066T
- 68-886T
- 88-/86T
- /8-986T
- 98-G86T
- G8-¥86T
- ¥8-€86T
- €8-¢86T

¢8-186T

Time

IYAE lnal oF 2 jlowd (o jaw JUw eyl ! o aolio

o

Volume 13, No. 2, Summer 2017 (IR-WRR)

55



- v1-£102 — : ‘
- ¥1-€102 - €1-2T0C > - v1-€10¢
- £1-2102 = =
L z1-1102 — AR — L z1-1102 — L £1-2102
L _ S | =
F TT-0T0C A( - T1-0T0C ~ F TT-0T02 — Z1-T1102
01600 [ 01600 - - 01-6002 — - TT-0T0Z
- 60-8802 — - 608802 = - 60-8802 - - 60-880C
b - L0800 o = F 80-L002 5 = L 80-2002 z ~ - 80-L00¢
—
_ = L 90-c00z _ —— - 20-9002 _ ~ L J0-0002 _ - £0-9002
— - S0vooe - ] [ 90500 — L 50-v002 = L 90-5002
= = = _ —
2 [ voeo0e 2 [ voeone 2 - - ¥0-£002 3 i - 504002
— L 0 L £0-z002 — = —
_ — £0-2002 _ . _ , L €0-z00z _ _ - $0-£002
L zo- . L 20-1002 — -
= ¢0-100¢ — =  20-1002 —— - €0-¢00¢
L 10-0 — L 10-0002 = —
- — - - 10-000¢ — - 20-T002
== L 00-666T - 00-666T - \
~ = - 00-666T - 00-666T
= - 86-266T 2 L 66-866T o fas ® =
= E = - 66-866T .= - 66-866T
@ = - /6-966T - 86-266T + = [ __
3 = c = N — | 16-966T b= - 86-L66T
N — L 96-566T g , - 96-G66T g = 2
N 8 — g . - 96-566T E] = - 16-966T
z ] - S6-766T = - G6-v66T £
— . - G6-v66T L 96-
- ¥6-£66T - 76-866T 96-566T
- L £6-266T — - £6-266T ; [ v6-e661 - S6-766T
=3 L 26-166T ] - 26-166T — [ £6-266T - v6-£66T
F 16-066T .N - 16-066T = I ¢6-T66T e — - €6-266T
= - 68-886T == - 06-686T = - 16-066T — | 16-0661
- - 88-L86T — - 88-L86T — - 68-8861 —= L 06-686T
=~ = —_—
- 18-9861 = L 18-9861 - L 8-1861 | ca-a86T
L 98-G86T = - 98-G86T — L 18-086T = | sg-s861
— = % g -
B L g8-v861 ~ L 68861 : L og-cg6T ‘ | g-on61
o _ — ——
- I #8-£86T ~ - 78-€861 I G8-¥86T _ I 98-G86T
<
L eg- L £8-286T L pe- -
S~ £8-296T — — v8-€86T \ I
T T T T 28-T8 f T T T 28-1861 -
— o — o~ ) 61 ™ [\ — o 1_.. ﬁw_ ™ O_q 7__ 1_. ﬂ_v 1_. 7__ - €8-2861 T T T T T T ¥8-£86T
' ' v ™ o~ — o — ~ )

anfeA Xapu anfeA xapu| onfe
[BA X3pu] [EA X8pul anfe A xepul

Lo iy

&

sl o

Time

U Y 0 yloud o3 jaw JU ¢y
Y

Volume 13, No. 2, Summer 2017 (IR-WRR)

(o)

was



Ramiyan —— ADI —— SPEI

Index Value
o -
-
—
2
—
=
S ————
——

LN
[A—
—_—

1983-84

1984-85
1985-86 -
1986-87 -
1987-88
1988-89 -
1989-90 -
1990-91
1992-93
1993-94
1994-95
1995-96 -
1996-97 -
1997-98 -
1999-00 -
2001-02
2002-03
2003-04
2004-05 -
2005-06 -
2006-07
2007-08 -
2088-09 -
2010-11
2011-12
2012-13
2013-14

Time
Fig. 1- Comparison between ADI and SPEI monthly time series at selected stations
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Table 5- The frequency of moisture categories based on ADI at selected stations
Frequency of moisture category

Stations Extreme Sever Moderate Normal Moderate  Sever Extreme
Dry Dry Dry Wet Wet Wet
Ag-gala 4 10 29 170 29 11 3
Sad Gorgan 5 11 28 179 27 6 7
Behlake -Dashli 2 16 22 181 27 10 6
Gafar Haji 5 14 22 187 19 10 7
Ramiyan 5 6 27 171 23 15 1
Fazel Abad 5 12 16 158 26 8 6
Tamar 4 10 21 154 23 8 4
Gorgan 6 8 18 164 21 7 7
Araz koseh 2 13 29 172 28 18 2
Minudasht 3 11 23 164 34 11 2
Nov.
(a) : —+=—Ag-gala
Jun. A - Dec. —=— behlake-Dashli
xx( 0. x = = Sad Gorgan
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x& f —x=— Ramiyan
Apr. * \ * Feb.
i
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Fig. 2- The spider chart of correlation coefficient between ADI and SPI (a) and SPEI (b) in various months
at selected stations
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Fig. 3- The comparative results of ADI index with SPEI, SMI, and Z Indices in dry months at given stations
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