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Figure 1: Map of the studied stations
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4 - Modern- Era Retrrospective Analysis For Research and Applications

5- Surface Wind Stress

6- Tropical Rainfall Measuring Mission

7- National Aeronautics and Administration. https://giovanni.sci.gsfc.nasa.gov/giovanni.
8- Geographic Information System(GIS)


http://geographical-space.iau-ahar.ac.ir/article-1-3840-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 11:00 IRDT on Thursday August 28th 2025

VPeY Sl A o lac (p geu gy Jlow ((alidl yra sLdd cals (sdslilad \Ye.

S5 53 el sy 5 Slds s 6l oSl Slalie slaesls 4 o (slolsale (glaesls ol (slas
Ao 53 40 Oliabl las 53 G S5 bastnd 5 JS— e (el U 0sa3T ol Ly, Jlos 0505 51 o3k
5 NS = e gy O3l Sy e Lailgy Olds cnl 3L e s a4 cel S5 a3Y s S eslinad
et (oob 5 Glos 5 S Cands e o S Salgns ol sli0ks a S e Ll
osba Yo Jle s o GrADS . sl jj.é\pj Sleslazal LYaYo Jle o5k e 5 o3b s SIS
sldoslinal golellia 5 ol (gl adlse 53 slaesls SIS Gaalls o 5 gl A S ol sl
el sl s LT jslie 5 o6l &S (S, bl owa sk Co 5 o3l 5 Olge Son S
b g e e ol e 5 e S e 3L B S S L el ol edalie L6
alie gl ool oddesls Ol laals 51 s O KA L 50 sb G 5 (o3l A5 0L g ]
il glast g bl slalas 5 MERRA-2 Modal osls oL 3 o5b 55 glas,sl oo slael 5 oS
oL ol loesls 035 olie 5 e din > rlin S 015 e Loslal o s 52 b L35 e 3lind
ssdeme 5 (ME™) Wt Sl ((CCY (Saran oo 3l Bl le Laoylal cpl 35 S o 5L o3l

eillast (5Ll s 4 by 0 0 B Y Loy, (RMSE') o Slay e e

- YiLi(0;—0) X (s, —3) (Y) alal,
\[Z{-":l(ol- —0)2 2 (s; — 5)?
N (¢. —0.)2 (¥) abal
RMSE — Zi:l(sl Ol) -
N
N (5. — 0.)2 (&) akal,
RMSE = —Zl:l(s;v %)

esls Bllail Qlﬂ‘w o oSl (loylsale (gosls Hlais S (fKLﬁ|> Slodaliv o3ls jlude O &S
2L RMSE.LS o cpons 1 0305 oL 035 5,551 oS3 23l i S sba bl o Sletas e OLES s

el Sloslsale (slmesls 4 gazn 5 Shas gl 5 (golas 5 bl Ol (6l 5
'Y L .- -
)\J u:u)).: L..L;‘i)‘ CL’ Wl?:ﬂ

LSOJ‘J )‘Jjﬂjﬁb}jiﬂ QI gﬁ"’aLﬁ) .,\.:A\ U"»" uﬁb‘ QLAJB c/.f.!)‘ji}.f "i.’. u;)js eﬁ)‘ CU ‘QWL&) j)LaT )J
o.)u::@)): p(X|9) G’)jj uALﬂ‘ j’Xl = 1,7’l Jﬂ,\s gjﬁjj Jﬁl._{) CJ)LJ* O NG (&K:.a:».i‘) L;ﬂ.;‘j

Sy iy xS s oy ok B sl el (lodaline slaesls alul s S e G B sl

9- Crrelation Coefficient
10- Mean Squared Error

11- Root Mean Squaer Error
12- Bias
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Table 1 -Evaluation of satellite data relative to station data
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Table 3- Monthly average wind stress (N / m?) at each station (1990-2018) calculated at the station level
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Figure 3:Time series diagram of satellite wind stress in each of the studied stations in the period 2018-1990
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Table 4 -Test of wind stress trend using Mann-Kendall method in each stations
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Table 5 - Correlation coefficient between station and satellite data in each station in the period 2018-1990
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Figure 5: Map of wind stress and wind speed in January 2015
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Figure 6: Map of Wind stress and wind speed in February 2015
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Figure 7: Map of wind stress and wind speed in March 2015
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Figure 9: Map of wind stress and wind speed in May 2015
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Figure 10: Map of wind stress and wind speed in June 2015

Olesl Joad 53 5l Conm g St (A5 by Jo
Sy Joad opl 3ok S 5 5 S1e plralr 5 GG S s placsli 45 das e OLES s o
a3 o my Jrab i ooz Gy JS 03 2led SUle g s R ol oS Jaad a3 50l
WSist Lyl h oS Juab pl 53 5,8 e by ol 25 5 sk e OlE s ol Sl olal oyl
63 5ol e Bl pl w5 0 e (S s e g JS 0 b Rl Sagbs 3 S
o2 e YN Slasee o 5 ayer 818 5 b GLIBIL Oljes (Y55 ole )3 sl e o lrs
Sadpr edalie mie e p o5 HNY 0T S 5 asl ool 5 (S B0 Jsb e 0) 5 Jles
St 8,2 4 T lase 55 5)ls aalsl Olomen (o) 3550 Sy JS 5 3L W9 s LAl L,
S el odallin B m 0 20 (550 0NN 5 0N s 0 ol AT Sl s SO (3,0 J b oax s 84
©b S p e gl 3 Ll o g - B0 Jled aalllees e lacend s ol 5 0L
e &S jsboles suliw ol jo Ol fad ol g ol bl Koo 4 cad (6 2S wds glils
o (3L 25 555 s LS (say pole opl 53 oS Sl )l besyls aslsl (ool a5 alS W, 54
@3 55 ole cpl > el a0 A 5 /Y OT e 5 Sl Ol o it sl Gble s w
B @; S CRPRCI g Wt IPCR L L PP IPTICIU I P-JC S0 § LIPS -3 WS-t S PO =5 I U S B

i oser— Sy dled ool 0L S s oo edaline (o3b A e s S
ﬁle:‘}-ﬁjjéélng)uﬁnﬂw;w

63l 25 S A Sl SWIL b b s ook i oS S o S eS das e 0L W g

BT 0 O s s el glacand (655 93l 55 Sdd il Ly, ST ele 55 .ol Oliansy o


http://geographical-space.iau-ahar.ac.ir/article-1-3840-en.html

\¥Y

Il ¢ alidl pia (sLdd gale (sdalilind

Cacuts

\FeY JL@-.':A\ OJM&?}N‘,

TN NN N RSy
///////ufﬁ

/////,v
zﬁJ

)f//////
7f//////f
/././././//,,

zZ Z =z Z

s ‘:<
m\

o2
G
/
-
TS5 45 455C 47C 47'5C 45C 455C 43C 49 5€ SOC SO SIE 515C BAE S2sE

N

LLTYE oo

45E

34N /’

5352
L

///// _\
NONVESYS
NN N XA ﬁxm

)]

345010 (
30N

37.5N
37N
6.5M
36N

]
<3
=B _/ A 355

i A

/ AN

1)
v e

//////
//////
N ./_../ /././././
s ////////

45E 45.5E 46E 46.5E 47E 47.5E 4BE 48.0E 49E 49.5E S0E 50.5E S1E 51.5E SZE 52,

w ;)‘..r.\/
k\a R
L ,,/./././././//1/./
3 3 F f : £ 8 5 £ £ % § 2
JMJMJMJ&JMJ@J

RNC

Figure 11: Map of wind stress and wind speed in July 2015
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Figure 14: Map of wind stress and wind speed in October 2015
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Figure 15: Map of wind stress and wind speed in November 2015


http://geographical-space.iau-ahar.ac.ir/article-1-3840-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 11:00 IRDT on Thursday August 28th 2025

VEOY Slen A o lacti ip gun gesans Jlow il yha sLdS pale (saslilind \re
375N e -
: - d t D } l\ \\ ¢ e ]|\ B \_:5‘\ v I —
A B wind stress Dec IERINESE S AT SN P
G « L‘l /7’ N R Tl E\.D} /'/ o h 001 — =
] - 5 / 36.5N \\ N Ve N e W- ) 1
\ ; . - 1,03 -
il B S "\\‘ - 2 aen P » - { S o
F . v o , T ™
sand L \\, (\\ B 35,50 o , - \ ¥ ,\
\ . e Y s
3NN L N 35N __/“, S SR 1 /.«5,.}01} A b %9 —]
z . g . A / Vo A
sesnp ARSI - 3emn /‘—f 3{'.:“\ ;\ l,f r._a_@ fN [~ Ilf
34N \\/ / % o s sand) /. /.-' . \\“\ . l\ \<. Py /. o )\ l\\.
" o - \, \ .
33.5N 1 & -‘/ a o 1.5 ™) 336N :%\\( Fa - ¥ \\s \\ ) ; / g ” \\
D505 . ™ \ P
OH e N I T N g
ssny” A el s : - ] \<'.\ 4 s .o ™ ,\\\\\f\.' A e
T 0.5, 0.5 N2 - - T0.01 T Q.01 ) .
YY) Ze S /L.,_\\‘(\ D) ‘\<- P ///_ P ] ARt S S - \v\‘\\ ol AT
o i a.5. T asN N g — e WO
I R A / I Q} “ ¥ \\\/ /J ETR 1) R R S o UL S N . \:\,\ VT ,_/L
1 1 X \ RN NSO
and 7 / / / : /J\'\\ « o & BTV e A N TR SRR A S \‘\ SO d
! - Y ™ ; 1 AN, 3 - . S RN ~
N T I A AV Vi S S-S NI NN [N =P S S P o R R AN
e A / A /X CEN NN ’ 0.04. \ \
30N d > = . = = e s PP r .o 1y L
45E 45.5E 46E 46.5E 47E 47.5E 48E 48.5E 4%E 49.5E 50E S50.5E 51E S51.5E 52E 52.5 4SE 45 SE 45E 46.5E 47E 47 SE 4BE 45.5F 49E 49 5E SOE S0.SE SIE 51.5E S2F 52.5F

3

Yo10 yelus sle js sl e pw g 5L A5 4l VS

Figure 16: Map of Wind stress and wind speed December 2015
W - . /.
55,03 sy w38 S JSJJ sb G 5 S 5 60b S Slds s esb L;.JALQ.A ole RIBL

0.09

S gh oo edalie Jlo 5o glaels 4 s (5L 55 Ol jee o w5 B sl

& S ot

Slos o lises Jsead (b 0> o3k 55 2lAr bl & w8 pasie sl fols s el
a5 ole 5o Ol Jumd o 0l 5 Sl o mds agla ol S5 0L S s s OG5 Sl il
oSl 53 3L B i Slp e L3 pdie 5 oLl S GlaelSal s O iS5 Juosl ol 53
Sl A5 e o i Ol Jomd )3 cole (et 53 Oldbos oSl 53 (25 Sle 1 208 5 il ele 53 Ol
Rl Jead 03 5 V55 ele 3 i oSl 3 A5 e o S S ST ol 5 5lsal ol 5o
5SS Ol e o arls sl ran 3 oLl S Slie 0S5 el sle 53 Ol sl 53 A5 lde

LS Ol b (g gt SRV pl Seal 5 35 e 03533 (o3l 5 DA sl 3 Jead S

ol OF 8 0Lled g g g0 1l 45 day o 3555 e (st & ol 5 (Vs (a5 ole L3 aS(shsbar AL e

LBM Q‘ﬁ‘ ujf« JL«J: L;UBWJJ C}.ﬂjﬂ U'i‘ Lol el o.,l..iobj}é‘ LgbL: u;w C)MJ{ de V;L}"ﬂ)" aS

ol il S s S e edaline g bl 3 mio oL i dd (il cpl S gbay S o

6oL 5 a8 el O (obiasOlis (ol o8 US o o b oS 51 2i s p35e St JS 53 3L A

Obs ool b andllaesyge (o5 53 o)l (6oL Lgﬁ.,bﬂb SboCe g g LA Lo Ol 5 e sia
J}«.ﬂ-e BE J.ibjf sdalie QT)UL« 6%} %J))Mé\o)jb gﬁﬁi&j J}.q L;\ﬂa;—)b&& J:>-‘9C,d|


http://geographical-space.iau-ahar.ac.ir/article-1-3840-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 11:00 IRDT on Thursday August 28th 2025

o Ol pe Jla 9 oy (s dilaie ya (suls GBS 90

OF Cars Lo Jewdle Sl s 5 oals Olas 1) s SIS gl glrals 5 b Sle Olea o3b 25 L
G s ded =0 2 g w50 Gble ja 5L 25 0L o g Jlo s lace by A3 S edaline

A edalie ©f g =350 Jled Jle o S glasle 53 5L 25 0L o g


http://geographical-space.iau-ahar.ac.ir/article-1-3840-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 11:00 IRDT on Thursday August 28th 2025

VPeY Sl A o lac (p geu gy Jlow ((alidl yra sLdd cals (sdslilad \vF

References

- Aminnia,K.,Mirzaei,M.,Panahi,A.,(2022),"Statistical and synoptic analysis of the occurrence
of dry autumns in northwest Iran",Journal of Geographical Space,78:165-190.[In Persian].

- Meghdar,S.,Ghiyashi Qorveh,F.,Kushki,S.,(2022),"Investigation of Suzbad index and its
relationship with Siberian high pressure in the provinces adjacent to the Alborz mountain
range",Journal of Geographical Space,80:151-170.[In Persian].

- Adam,K,.Darko,K.,Clive,D.,(2014),"Developing a simple 2D ocean model for the
evaluation of the MM5 results over bodega bay",Journal of Climate,19:8-14.

- Bryant,M,.Muhammad,A.,(.2014),"An exploration of wind stress calculation techniguse in
hurricane storm surge modeling",Journal of Marine Science and Engineering
Reeived,30(12):220-230.

- Dmitry,S.,Dukhovskoy,Y.,Mark,A.,Bourassa.,Guorun Petersen,J.S.,(2017),"Comparison of
the ocean surface vector winds from atmospheric reanalysis and scatterometer-based wind
products over the nordic seas and the northern North Atlantic and their application for ocean
modeling",Journal of Geophysical Research Oceans,199(12):233-240.

- Dobson,W.,Stuart,D.S.,Robert,J.A., (1994),"Measuring the relationship between wind stress
and sea state in the open ocean in the presence of swell",Atmosphere-Ocean,321(8):237-256.
- Grachev,A.A . Fairall,C.W.,(2001),"Upward momentum transfer in the marine boundary
layer",Journal Phys Oceanogr,31(11):1698-1711.
-Geernaert,G.L.,Hansen,F.,Courtney,M.,Herbers, T.,(1993),"Directional attributes of the ocean
surface wind stress vector", Journal Geophys. Res Oceans,98:16571-16582.
-Jenkins,A.D.,Bakhoday-Paskyabi, M.,Fer, I.,Gupta,A.,Adakudlu,M.,(2012),"Modelling the
effect of ocean waves on the atmospheric and ocean boundary layers",Energy
Procedia,24(2):12-20.

-Machado,J.P.,Justino,F.,Pezzie,L.P.,(2014),"Efeitos do aumento da tenaso de cisalhamente
do vento no Hemisferio Sul obtiod do models SPEE",Revista Brasileira de Meteoroligia
,29(4):597-612.

- Kochanski,A.,(2015),"Wind stress and wind stress curl during upwelling season along the
california coast",Journal Geopgys Rea,93(18):17-23.

-Smith Stuart,D.,(1988),"Coefficients for sea surface wind stress heat flux and wind profiles
as a function of wind speed and temperature", Journal Geopgys Rea,93(12):11-23.
-Timmemann,S.1.A.,Bejarano,L.,(2004),"ENSO dynamics the last glacial maximum

" Paleoceanography,19(11):1-11.

-Xuebin,Z.,(2006),"Wind stress variations and interannual sea surface temperature anomalies
in the Eastern Equatorial Pacific",Journal of Climate,19(5):8-14.
-Zhang,F.W.,Drennan,W.M.,Haus, B.K.,Graber,H.C.,(2009),"Wind wave current interactions
during the shoaling waves experiment",Journal Geophys Res Oceans,48(15):114-126.


http://geographical-space.iau-ahar.ac.ir/article-1-3840-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 11:00 IRDT on Thursday August 28th 2025

"y Ol pe Jla 9 oy (s dilaie ya (suls GBS 90

Estimation of wind stress in the western and northwestern region of Iran

Samad Khosravi Yeganeh . Ph.D. student in hydrology and meteorology,lran, Lorestan, Lorestan University
Farzana Ahmadi. Ph.D. student in hydrology and meteorology, Iran, Lorestan, Lorestan University

Mustafa Karampour, Assistant Professor of Geography Department, Iran, Lorestan, Lorestan University

Abstract

In this research, in order to investigate the general conditions of wind stress in the western and
northwestern regions of Iran, the data of stress and wind speed at a height of 10 meters above
the ground from the MERRA-2 Model database from the TRMM sensor during the statistical
period of 1990-2018 in the coordinates 30 to 37.5 degrees north latitude and 45 to 52.5
degrees east longitude were obtained. GIS software was used to extract wind stress satellite
data at the synoptic stations of Urmia, Tabriz, Zanjan, Hamadan, Sanandaj, Kermanshah,
Khorramabad, Ardabil, Ilam and Ahvaz. To calculate the wind stress, temperature, pressure
and wind data were obtained from the Meteorological Organization. Statistical criteria of
correlation coefficient (CC), mean error (ME) and root mean square error (RMSE) were used
to evaluate satellite data and station data. The maximum (RMSE) is 0.060516 and the
minimum is 0.000576. The correlation coefficient between observational and satellite data
was calculated from 0.16 to 0.87. Wind stress trend analysis was calculated using the non-
parametric Man-Kendall method. Based on the obtained results, the highest amount of wind
stress in the winter season is in February at the station Ardabil and the lowest was observed
in Kermanshah and Sanandaj stations. In the spring season, the highest wind stress at Zanjan
station was in April and the lowest stress was at Hamadan station in this month. In the
summer season, the highest amount of wind stress was observed in Ahvaz station in August
and the lowest amount was observed in Sanandaj station in July. In the autumn season, the
highest amount of tension was observed in Zanjan station in December and the lowest amount
was observed in Kermanshah station in the same month. Wind stress has a seasonal trend with
significant monthly changes. There is a significant difference in the direction of the wind
stress flow due to the change of season.

Keywords: wind stress, trend analysis, Test Man Kendal, west and north-west of Iran.
Introduction

Today, wind stress is considered as one of the influencing elements on climate systems, and a
change in the amount and direction of wind stress can change or intensify climate phenomena
on the globe through changing the path of energy and humidity in different regions. land,
especially in dry areas, so that today wind stress is considered as one of the climate
controlling factors, and various satellites monitor wind stress on the surface of the earth, and
in recent years, extensive research It has been done in the scientific circles of the world in the
field of wind stress . With the advancement of remote sensing technologies and integrated
monitoring of climate phenomena in day and night time frames and observation of their
movement path, it has been proven that wind stress affects oceanic and atmospheric
circulation patterns in most regions of the world, especially the middle and upper latitudes of
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the hemisphere. South is impressive. The strength of subtropical oceanic convective cells as
well as the magnitude of upwelling of tropical currents are highly dependent on wind stress
changes. It should be expected that changes in the size of the winds can intensify the speed of
the general circulation of the atmosphere and ocean through energy transfer. The results of
extensive research show that the fluctuation in the amount of wind stress on the surface of the
oceans and open waters can have a direct impact on atmospheric phenomena such as
precipitation, humidity, temperature and wind speed on the land surface of the earth with long
distances. So that the intensification of wind stress in the tropical region causes changes in the
atmospheric currents of the Atlantic Ocean. For example, the change in the amount of wind
stress in the equatorial region has caused a change in the Atlantic Ocean and caused a change
in the amount of precipitation in the northeastern parts of Brazil . The winds that blow over
the ocean are forced They create a relationship between air and sea, and as a response to the
wind, short surface gravity waves occur on the sea surface, which increase the surface
roughness and, as a result, wind stress and wave height. The feedback between wind pressure
and wave growth is an increase in sea surface roughness and wind stress, which continues
until the waves balance with the wind force.

Area of study:

The studied area is northwest and west of Iran, which is located in the latitudes of 30 to 37.5
degrees north and 45 to 52.5 degrees east longitude. The study area includes 10 provinces
(West and East Azerbaijan, Zanjan, Kurdistan, llam, Khuzestan, Lorestan, Hamedan, Ardabil
and Kermanshah). Wind stress is investigated in the synoptic meteorological stations of
Ardabil, Urmia, Tabriz, Zanjan, Sanandaj, Hamadan, Kermanshah, Khorramabad, Ilam and
Ahvaz.

Methodology:

Based on the definition of wind stress provided by the MERRA-2Model database, wind stress
can be expressed as follows: Wind stress is the amount of force created by the wind on the
surface, which is a function of tension, air density and speed. Wind has a unit of newtons per
square meter. Since wind stress is a function of wind speed, strong wind increases wind stress
compared to moderate speed winds. Wind blowing at the surface of the sea creates tension in
the ocean, which amplifies the movement. This drag force on the surface reduces the wind
speed. The precise details of how the atmosphere and ocean interact to transport motion are
complicated by the stratification or stability of the atmospheric boundary layer, the presence
of waves, wave breaking, and a host of other processes. For practical applications in knowing
the wind stress, it is enough to use an empirical formula to calculate the wind stress at the
level of the investigated stations.

Results and discussion:

The error estimation between the wind stress extracted from satellite data compared to the
wind stress calculated at the level of each of the desired stations has been done. It can be seen
that in the stations of Ardabil, Urmia and Tabriz, the wind stress fluctuates a lot during the
seasons. In the stations located in the southwest regions, the maximum wind stress was in the
hot months of the year. Based on the estimates, it was determined that the highest amount of
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wind stress in the winter season is in February at Ardabil station and the lowest is at
Kermanshah and Sanandaj stations, in the spring season the highest wind stress is at Zanjan
station in April and the lowest amount of stress is at Hamedan station. In the same month, in
the summer season, the highest wind stress value was calculated at Ahvaz station in August
and the lowest wind stress value was calculated at Sanandaj station in July, and in the autumn
season, the highest wind stress value was calculated at Zanjan station in December and the
lowest value was calculated at Kermanshah station in this month.

Conclusion:

Based on the obtained results, it was determined that the geographical arrangement of wind
stress during different seasons of the year has temporal and spatial changes in the intensity
and direction of wind stress flow. The highest amount of wind stress in the winter season is in
February in Ardabil station and the lowest in Kermanshah and Sanandaj stations, in the spring
season the highest wind stress is in Zanjan station in April and the lowest amount of stress is
in Hamadan station in the same month, in the summer season the highest The wind stress
value was calculated at Ahvaz station in August and the lowest stress value was calculated at
Sanandaj station in July, and the highest stress value was calculated at Zanjan station in
December and the lowest value was calculated at Kermanshah station in the same month. It
can be said that since the end of the cold season, the intensity of the wind stress gradually
increases and the rate of this increase increases towards the summer season. So that it reaches
its maximum value in June, July and August, which indicates that the intensity of wind stress
has increased in the hot season of the year. But this does not apply to the northwestern parts
of Iran. In general, this increase in the intensity of wind stress is observed more in flat areas.
The increasing and decreasing pattern of wind stress in the entire investigated area mostly
follows the change of season, which indicates that wind stress is highly influenced by changes
in temperature, air pressure and wind speed. In the studied period, the wind stress did not
fluctuate significantly and a periodic seasonal rhythm was observed in its minimum and
maximum value. In the seasons of the year, the wind stress showed the same averages and
seasonal displacements, and no changes were observed in its condition from year to year.
During the cold months of the year, the direction of wind stress in the studied areas is
southwest-northeast.
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