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Figure 1- Location of stations on the map of
northwestern Iran
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Table 1- elevation and location of the studied stations
in the northwestern region of Iran

Elevation  Station Station
Row

(m) type name
1391 synoptic Ahr 1
1332 synoptic Ardabil 2
32 synoptic Parsabad 3
736 synoptic Jolfa 4
1796 synoptic Khalkhal 5
1103 synoptic Khoy 6
1352 synoptic Mahabad 7
1411 synoptic Mako 8
1344 synoptic =~ Maragheh 9
1110 synoptic Miyaneh 10
1817 synoptic Takab 11
1364 synoptic Tabriz 12
1316 synoptic urmia 13
1682 synoptic mirage 14
1663 synoptic Zanjan 15
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Table 3- Frequency of SPI droughts in autumn
seasons in northwest of Iran (2016-1987)

Year Abundance

Description of events  Row

2008
1995
2010
1998
2011
2006
2003
1999 7
1997
1990
1989
2016
2015
2012
2011
2007 9
2004
2002
2001
1992

2 Very severe drought 1

2 severe drought 2

Moderate drought 3

Mild drought 4
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Figure 2- The cluster analysis diagram of
precipitation of northwest stations in the autumn
season
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Table2- The list Teleconnection Indices used in this
research
Latin definition Index/ Row
Pattern
Arctic Oscillation AO 1
East Atlantic/Western Rusia EA/WR 2
North Atlantic Oscillation NAO 3
Northern Annualer Mode-Ao NAM 4
Northern Oscillation Index NOI 5
North Atlantic tropical

Atlantic SstIndex NTA 6
Polar/ Eurasia Pattern POL/PEP 7
Northern /Tropical TNA 8

Hemisphere Pattern
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Figure 3- Diagram scree plot Composite anomaly
level of 500ha SPSS outputs for dry autumns
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Table 4- Cluster members
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ers ers ers
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Table 5- Percentage of variances of the first 3 components of the output of 500ha anomaly components analysis for
dry autumns

Agents Cum}ﬂatlve Percel.ltage special compone Year
variance of variance amount nt
High altltud(f anomaly Eastern 48.1 48.1 3.8 1
Mediterranean
High altitude aillf)amnaly in southern 88.8 407 32 2 1990
Low-altltude. anomaly Central 98.6 0.8 0.7 3
Mediterranean
A high-altitude anomaly extending
from North Africa to the Black Sea 42.8 42.8 34 1
(the Azores high)
High altitude norm from the south to 72.9 30.1 2.4 2 1995
the center of Iran
Anomalous low elevation of European
and Central Mediterranean 945 21.6 1.7 3
High altitude anomaly from south to 37.1 37.1 2.9 1
west of Iran
High altitude anomaly from the
eastern Mediterranean to the 71.7 34.6 2.7 2 1998
Caucasus
Low-altitude anomaly of southern
Europe and central Mediterranean 94.6 229 18 3
A high-altitude anomaly extending
from North Africa to the Black Sea 40.7 40.7 3.2 1
(the Azores high)
High altitude anomaly of Northeast 793 38.6 3.0 2 2008
Europe
Low-altitude anomaly of southern
Europe and central Mediterranean 959 16.6 1.3 3
High altltud? anomaly Eastern 37.9 37.9 3.0 1
Mediterranean
High altitude a;l:amnaly in southern 734 35.5 2.8 2 2010
Low-altltude} anomaly Central 92.6 192 15 3
Mediterranean
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Figure 4- Anomalies of mean sea level pressure (right figure) and mean sea level pressure (left figure) in the dry
season of autumn 1990
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Figure 5- Anomalies of geopotential height 500 hpa (right figure) and geopotential height 500 hpa (left figure) in the

dry season of autumn 1990
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Figure 7- Anomalies of geopotential height 500 hpa (right figure) and geopotential height500 hpa (left figure) in the
autumn 1995
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Figure 8. Anomalies of mean sea level pressure (right figure) and mean sea level pressure (left figure) in the dry season
of autumn 1995
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Figure 10- Anomalies of geopotential height 500 hpa (right figure) and geopotential height500 hpa (left figure) in the
dry season of autumn 1998
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Figure 11- Anomalies of mean sea level pressure (right figure) and mean sea level pressure (left figure) in the dry

season of

autumn 1998
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Figure 13- Anomalies of geopotential height S00 hpa (right figure) and geopotential height500 hpa ((left figure)) in the
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Figurel4- Anomalies of mean sea level pressure (right figure) and mean sea level pressure (left figure) in the dry season
of autumn 2008
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Figurel5- Map of specific humidity anomaly in dry season autumn 2008
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Figurel7- Anomalies of mean sea level pressure (right figure) and mean sea level pressure (Figure B) in the dry

season of autumn 2010
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Figurel8- Map of specific humidity anomaly in dry season autumn 2010

Journal of Agricultural Meteorology Sl (owllilgh &y pid

FE-AY. a0 IFF bl g 5l ) o lads Y ol

Vol. 13, No. 1, Spring and Summer 2025, pp. 34-53



£V DOI: 10.22125/agmj.2024.424085.1161

g5 5l 31 golSTs

0,8 e i bl gla JLSas b (Gl dole ans ooeusls
sk Slyes a5 sl ol 5l (S laylogad cnl (gusy oS
2 Py @bl sbaise 5 Jsb o JSligSa Ve 5ls
o 9 039 JS&abgiSa Ve e 5l gl i adhie 550
2 ol b g JSalyiSa Yoo 55 50 Dok ol (SisSx
Coodl 3l axlllas 090 00gumme 10 awlin Cugb) 0929 pac

(V) IV USE) wdly oo 510,55 5 (6 i

Voo 5 Sedeslye s Sy U 5 Py b om o

9 o) gl 15 o3ng Cagb) Jgo Bea Hlogei Julo
JBwly g8 Voo 51,5

o JluSis £685 (b 5o 92 )Ll yige S0 jskaie o

A obdlaz Jsb 5 Jlad azjo YA oLéls> (oye ol

5 Owe) T p93 9 Jsl €58 e Bso slalagas (B0 ax s

g Pl az,o s BVe oye while o JSubgSa Ve - 5l

OeSle) aeilys Gloy ojl yo (Byd azys -V Job

Ve hpa gVeee hpa 515 0,5 9ls 2 0,5 4 Goojl) o9 Cugby Jao Sg ylages -18 Ui
Figure 19- Diagram of Hoff Miiller the first and second types of long-term specific humidity in g / kg at the level of 1000
and700 hPa

£y gl 4 b ¥ooled Jouo slhas 122+ Jlo
390 5 kel 0,99 55 ol e Jlods sl Jgead SPT JLuSizs
S 45 oad wBly hwgie JULSis Condy ,o aslllas
Jlo ol @ barye Joe Boa glajloges jo cougb, als
b aged sl JLSis Cands o a8 bl ady 5 wib o
Cugby (2als L VAR Jlo 4 Cond )l 18 wad L
Bsn (sl logal 53 Bgoge LSl 5y 9 Job o syt

sl b SPI (ol jul Juad (Swod Jolo
g 590 slaasle
593 sasli b sl JadSPL asls (Saon (o)
dal> ol oo )| sloolins] a5 ols ylad Juad ol o wigw
Obeog G L Gls; 5wl Ol w555 s blw)l
5 (Lol woyo £+) oiusl 4 L (NAO) Jlots bl
0L 3 bles aile allyo (JUHS (OS5 care o) (slaolins
£V) ol8zesl V | (POL/PEP) Ll 5 Ll b asls L
Yo a4 5 790 maw jo gl g aaly (Lol vy
Le/2 6 /Y o o] polie a5 ojls (6)ls cme (Sinoon

Journal of Agricultural Meteorology

b sk, Sllugs jonds 9 Jolow jslate ay bl (roen o

Voo Sl 50 Jse Bon lojlosas cugh) ple a4 azgs
on VY IS 50 .85 L8 azgi )00 iy JSuhsiSe
O 5 Bl gladisas o pgd g5 Jae Bem glajlogas
P 50 oy Sugb, (n i alS saiaslis b Jlusiis
b Jlsis 4 by e Jlod a4z )2 10-F 1 o oS5
g YAGA g Voo A g VeV 50l Jad 0 e 9 1990 Lo
oy Cusb, als ojls 3l 129 Jlo JLSis 4 as
5 10 aS bgle o o 1y p,5kS 2 S VY (1D e
2S5 MY 9 VA% Lo 5ol Jad JLSis a0 5olS
il VARD Lo sl Jad JlSis 4y bgje 0,551
2 Bl wiged 13 Jol 55 Jge Bso sbaloged (o) 2
oy Sugb, (nytier (Rl csimolas Sis laJle (e
FuSis 4 bgpe (Bid 4z o Ve-00 ol Jsb o
b Jad JLSis 4 e 5 Voo A Lol Jab
Gl ls @ iy 4 a9 YAA 5 V105 V290 sl Lo
A T TE e os Cash, L2l s 3l 199+ 5 199A
eSS ppS Y S gl s | e S0kS e
Loy pSkS 2 pS 1508 Jlo ol Jab Jlsis
aSal 4 i b sl Yoo A Jlo sl b ISt o

23l (uliilgh &y

Vol. 13, No. 1, Spring and Summer 2025, pp. 34-53

FE-AY. a0 IFF bl g 5l ) o lads Y ol



DOI: 10.22125/agm;j.2024.424085.1161 Olles g 2lhime ¢y

V490 Jlo &S ol Vee hp 515 s Cugby sl g Jse Cosm s sad

LPU AN ONCO

144A JV&}:L;\"' hP_}‘j'ﬁz_sQ;-"_;J;‘tj)yJﬁﬂ#ﬂ \‘\‘\AJL»&&};.:L;\-'- hpj‘f°:'li¢“.}l°3rJ’C}5)}" C2aa )13 ged

el T

NRANONNOO =Ny 20

VoA dle oSas bV hp Sl ens Casb pss 5 Jpe C3sn slage

O X OE ™ SOE™ 60E % s 30E * 40E " S50E ™ 6OE 70E

Yols dle s b Ve hp 515 e Sask) Jsl g5 S a8 sla g Yore b oSas bV eer hp Sl ens Casby pss 5 Jpe C3sn slage
4280 NRAA Yoo A Yre o Jlw o gl sl JLuSis Veor hpajl s 0,5 @059 Cagby 090 9 Jol £95 Jogo B Hloges Ve JS&
144.

Figure 20- The first and second type of Hof-Mueller diagram in level of 1000 hpa in the drought’s autumn seasons
2010,2008,1998,1995,1990
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Figure 21- Hoff-Mueller diagram of the first and second types of specific humidity at 700 hpa in the droughts autumn
1990,1995 , 1998 seasons of 2010,2008
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Table 6- Correlation of the SPI index of stations in the northwest of Iran in the autumn seasons with the autumn
indices of the Northern Hemisphere (1987-2016)

Index/Patt;
POL/PEP TNA
Station

AO EA/WR  NAO NAM NOI NTA
0.453 0.236 0.624 0.425 0.071 0.642 0.211 0.443 Ardabil
0.437 0.143 0.641 0.322 0.004 0.472 0.226 0.615 Ahr
0.115 0.125 0.170 0.117 0.260 0.216 0.445 0.224 urmia
0.246 0.183 0.521 0.263 -0.271 -0.287 0.0450 0.293 Jolfa
0.334 0.026 0.437 0.214 0.040 0.233 0.154 0.266 Parsabad
0.175 0.174 0.421 0.067 0.344 0.452 0.274 0.426 Tabriz
0.037 0.441 0.183 0.125 0.481 0.314 0.453 0.314 Takab
0.214 0.23 0.325 0.214 0.316 0.235 0.442 0.215 Khalkhal
0.207 0.176 0.421 0.117 0.245 0.286 0.151 0.256 Khoy
0.018 0.122 0.374 0.086 0.332 0.213 0.175 0.153 Sarab
0.027 0.171 0.335 0.231 0.124 0.204 0.236 0.174 Mako
0.086 0.268 0.246 0.137 0.514 0.352 0.374 0.336 Maragheh
0.127 0.265 0.315 0.096 0.273 0.311 0.435 0.233 Miyaneh
0.123 0.374 0.267 0.142 0.615 0.294 0.536 0.284 Mahabad
0.152 0.243 0.341 0.071 0.513 0.210 0.433 0.135 Zanjan
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Table 7- The status of the relationship between the Northern Hemisphere distance indicators and the dry autumns of
the Northwest (1987-2016)

AO EA/WR NAO NAM NOI NTA POL/PEP TNA Index/Pattern
positive | positive | Negative Negative Negative | positive . positive
phase phase Phase Phase Phase phase Negative Phase phase Phase type
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Abstract

Atmospheric circulation patterns play a key role in the temporal and spatial distribution of precipitation and
occurrence of dry -wet spells in different regions. The aim of this study is investigating the relationship between
seasonal average anomalies of pressure patterns and the occurrence of autumn dry periods in northwestern
provinces of Iran (West and East Azarbaijan, Ardabil and Zanjan). Dry autumns were identified during the
statistical period of 1987-2016, by using the environment to circulation approach and the calculated values of
Standard Precipitation Index with DIC software. Then, the autumn season map of anomalies different variables
including the geopotential height of 500 hPa, mean sea level pressure (SLP), specific humidity of 700 hPa, mean
sea level pressure, geopotential height of 500 hPa and the Hoff-Muller humidity diagram 700 and 1000 hPa levels
were obtained and analyzed from the NCAR/NCEP reanalysis data. The results showed that in the dry autumns,
there exist a strong positive anomaly accompanied by dominant high-pressures conditions, which blocked the low
pressures to enter into the region. The observed positive anomalies of the 500 hPa level height comparing to the
long-term average prevented the transfer of the warm and humid air masses of lower latitudes to the study region.
Also, the examination of the first and second type Hoff-Muller diagrams of the level of 700 hPa and 1000 hPa
between 38 N latitude and 48E longitude during the dry autumns of northwest, Iran shows a significant decrease
in the specific humidity, especially in the southern sections of the region. This confirms the importance of
Sudanese and combined Sudanese-Mediterranean low-pressure systems in bringing moisture into the study area.
The correlation coefficients of the standardized precipitation index (SPI) of the stations under study with the
patterns of the autumn seasons in the period (1987-2016) showed that in the dry spells of autumn season, the
negative phase of North Atlantic Oscillation Index (NAQ) has higher correlation with drought occurrence than
other climatic patterns.

Keywords: Synoptic analysis, specific humidity, Anomalies, Drought, Hoff-Miiller diagram, Teleconnection
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