Analytical Comparison of Trends in Climatic Components of Semnan
Province Using the Manni Kendall and Spearman Tests

Somayeh Sadat Eslam$hokuh?, Ahmad Jafarzadeh®

1 PhD Studentf Irrigation and Drainage, Department of Water Engineeffiagulty ofAgriculture, University of
Torbat Heydariyeh, Torbat Heydariyeh, Iran

2 Assistant Professor, Department of Water EngineeFagulty ofAgriculture, University of Torbat Heydariyeh,
Torbat Heydariyeh, Iran.

* Corresponding Author: mnt.jafarzadeh@torbath.ac.ir \

Introduction

Climate change and lorigrm fluctuations in climate elements are among the\%o;t important environmental
challenges in arid and sefiid regions. Semnan province is highly ‘sensitive to changes in temperature and
precipitation due to its climatic diversignd limited water resources. Therefare, understanding the trends in changes

in climate components can play an important role in water resource plann%gﬁagricultural management, and reducing
environmental vulnerabilityThis study aimso investigate theénds in annual changes in precipitation and minimum,
maximum, and average temperatures at selected synoptic statiens in Semnan province and to compare the efficiency

of the two nonparametric MariKendall and Spearman testsiin a&lyzing these trel)ds

Materials and Methods

In this study, daily precipitation and minimum, maximum; andsaverage temperature data were collected from selected
synoptic stations in Semnan proyince during the péried 2000 to 2G22performing preprocessing steps including

data quality control, outlier correction, and replacement of'missing, ta¢adata were converted to an annual scale.

To assess the trend of changes, twosnonparametric-endall (MKT) and Spearman (SPT) tests were used at a
significance level of 0.05. Also, in“aorder to pretidalsefinferences, the effect of temporal autocorrelation was
examined using the autocorrelation function, and a modified version of the Kéanrttall test was applied to variables

with significant autocorrelation.

Results and Discussion

The results showed that mastiof the studied climatic variables lacked significant autocorrelation, but in some cases,
including the minimum'and,average temperature at the Garmsar station and the precipitation in Damghan and Miami,
significantlautocorrelatin wasobserved. Trend analysis showed that the dominant pattern in the region is an increase
in temperature and a déeﬁz‘ase in precipitation. Meanwhile, the increasing trend of the minimum and average
temperature at thepGarmsar station was statisticafiyifgiant, while the precipitation trend was decreasing but
insignificant in most%Qns. The results also indicated that the intensity of temperature and precipitation trends in
the western regions of Semnan province is greater than in other partsafGommf the two tests also showed that

the MannKendall test is a more suitable tool for analyzing the trends of climatic components compared to the

Spearman test to its greater statistical comprehensiveness, higher sensitivity to time seriesactihtiges
possibility of,estimating the trend slope.
Conclusion

In general, the results of the study showed that the most important climatic signal of Semnan province in the period
under study is the increasing trend of temperature, while the decrease in precipitation does not have a uniform and
significant pattern. Ao, paying attention to the effect of temporal autocorrelation in trend analysis plays an important
role in increasing the accuracy and validity of the results. Accordingly, the use of the modifiedKbtadhall test in

similar climatic studies is recommesll The findings of this study can be used in planning related to water resources
management, agricultyrand adaptation to climate change in Semnan province.

Keywords: SpatiatTemporal Pattern, Autocorrelation, Temperature, Trend Intensity
i@ v v oveopi U0 0AQQE@ivEed GUVAREAGN wz
“a e« AAPE CUBRLOWA v:wA

[


mailto:mnt.jafarzadeh@torbath.ac.ir

Yv¥ev | AE %° C3 Clg2-aMVERNELACH ACiz R ~AWXE B3R | CET
Yvmev | Ag %o C3 Clg 2-RMWERBYVEBACD AGz E ~AWNE AW B4

mnt.jafarzadeh@torbath.ac.i5 6 Au A6 a° p £C Ay
ORCID: 0006000347617940

accCci—

g Co ¢bwd WENCACHUGANBE Ad U« ¢v § atAa° iav&§v CULBEAI LOEMECED y Ay
UCoOywCulu &wwWi% 3G vCE®D@EWw AwEwA | vCCaE 1§ valw CBrwiElE t % t
CIAE, §v +wi %Y )9 & -+%wdy 1CzWEB (VW O WAAMA awaAv &%Wwo CENCURE%W
CpeAdewal W &4 EXWEAUY wQy Y Biie y0 WEAVEVYAWD EARBG O W0 walitpwitAy %5 v E \
%) OE +wawdo &Ow, U Ctleedid oAiz ODICE{éiva 1AV a6, C O ° £ K~ Wk vd A& af
Ay d wA oSpgatmand SPTSU £ ¥ G BRI Kendall- MKTy, $° @ vi®ép3ho UivALaw Wy A&/ Yew i
YAt a omB VARE Gz%i  j w{ 8v Coun E{ &l Ma @ wan C 2ow 8. G 7 fvA ke apisv 7 B438 i
y w“Bw/EI YA awowm EEv %! wiul! #pCoywCu 0évo3 Caaaid ayEE vé v Yz
Céwul Eeév#uiyRAl 8Ce6 AWENE woPedt AVIOBOWS 0 &u A Eowoje ALWA WAL ClA
oyvVHRCCAE ¢ VOIE YEWE Eavo o Kix v ® o Khoaiwiz VAARG Az ¢ Y WAS 6GRE v Ad v
U ¢ %o o iwAQ dAr w A TGz Yaw A3 Ty GCEWDNANOY A ywll §IME €z vt whbu 613
Eawi Ué%weECz wz 0awpuaA) @MMNAﬁWW&P‘-VWWqu vV #MCICR AEE E At
A« YOAEN%z Ea ®BiB Gwih 3a %Y C%wz | vEOGCEAZLEEGO@BOwICeMiza pao w
CCAwWAE? | o ECzZMKTAWG AUGEP AW ! 8,860 oo © BRWMETCO0 A 25 Wi ¢! ¥
Czwoaww?! C%UoBCz 6 %e %~3twllaYv ¢Cozwé 1°oyy®%n Chévy yCE !4
wiol ¢ C¥wz | v*IGCaEL°y V% oluieC prr (man ) ¢CARBVE vANE KD By yisyse Wgtwa £ C E
Yy ¢Av eOwpha %nHowvekkz s awpmBA GweoAv

) O\ v val woowe A{Q At Al G@VCwE Y WERCRESVC O i

\\

N


mailto:mnt.jafarzadeh@torbath.ac.ir

Auc éu

i wpyY %t CUU%WOE Az LOWEAE A 26 LARD®@ AW Ad AEOaEX |
gCoév %CCakz Cue anwp E# % wBaCuined 6941 0 OMPAYIL REE (A iy ALai@m
i V#%C8 mE AjaeobatuA z¥%EGWAC 6yé vi wézw al ¢ z YESD dbal, LOBYAGAIE IcEDY |
¢ewAy w%r  yCyawdpwdit ¢ AEY | JCT AW Oy CHAWES zAaveaYs alARR ¢ Yo
Ue ¢ AE § 0 VvAIC UC (DC ek et @ \boBOCCHAr LW E Cy wA« CeE v %a
| A-Coy %! J°oEwz AcKUsEMe OAVEC E§ ME EE QARG &Y Wi0F wi
Yuam etal, 2024 CUAEUR VIRZBLE BAE [ wu° - § CHRPANdvWCWLYWE i i G4
§ Wi wA 1A A AEACGRERD! O00a v AE N AIBEAN ERwh« & °
UCAGRL CWE o COé \AKEpCCaaH23: EHBELBNEPL El aWwBYY@WAj~ 60
Chwz CQAWMEDE - LELCAEEL Y| wa ‘EcCvAawv v#uete J ¢Av a
Mwia Cé o Al VG Y ehzappbw 20036 avl Av#alt %yj °¢°o~ BEaw Uz wg
wCCaf jvywsgv CAVWEE J 6yC o0 waRCWac A%z J& %Yy VCAGOMIE/PU B W
ACy & 3bbbgsswcalbp® Cué jwilE Az x| oBawpeOd LA uxpt WA
Cyonsuh apgBBi | wy wWARAY (WAKEYV ACAARAR®MAY @aCabwy %n
Moghtaderi, 2025; Teressa$ © y %v 1 ¢ G0 5 A% € YWe WICSEE O Vil A Wy 8 ¢ i Q@ U
cwaouwC~ §%Y Pawh e Ao & WBiawa® oy § .ol w BypGEEyY | wb
#)haziletial, 2025Ataei et al, 20159 Y Y4V Yfi ¢ w« ¥y VCIPVC Owg CA -
UCCAaEAOGWACOWEABRCRARY Vv Ci ¢ cCAA P ENVYALC WG oGATIESAY ACGAR
i V#%UCCAELWCAOOV, Vo ¢ Alwafakbah @ aE 20168)¢ WA wp B | 0 wik ee®q & Payb s (
i°cUu°p8z LjwHCCaL (v COPQ@RAO awwwA Awszi QY &b wRUp §
CAvihz CPpRBEEC U v ) AUW§ paz LE ORBA D Bwh B Bk & G AYLI
AU ¢ j WTQ VY. oy R WG ¢ A B AAE w§ ! & bGIVIE/Sid ECHMENN- Y- YW
COonE Awpuo Cé waylvALE e ¢ AE NankdaceEehay ¢85
a6.o ugﬁvg“(@@mﬁﬁyietamow) ¢ Ava 1AM MARc ¢z Yewi ¢ LA Co év
C%wz Wwé wERADWIvV: B4 v MEIC ayev h@@E € wiipbbAg 2eBQ)0AvAVZYACE A |
wE ¢X@u\avu@:aaf@wécrys§mz4%y(§,mm,éu VY% A%z xy» § Ua-£
} uCwAal CuUuAGedéovl Cway Y2 6 Co6° £ %L Cy %

Coo/Ez 0wp¢ U¢ ¢ AET WUPBOEWE HLE § £AYA CHWARGEGWES b v E
Mishra$ A% @M O wYARAU wy %z Uiwh iEA&A @ % ¥8:° & Co W BA abher§ vIAGaYvi !

towev ¢v CEEMW@ v D yinshra & deaoibaw A b Bt wiBidiM§iast 4, Jo2
Bt L uCp°caa )° pwaEAGaDMp B yONAME W (€ WigSAVA B E  + w
wC p Makueni%E¥ A Ev 3%z %" ives § 06évMidetal 208EE Y AECEC v,
GwCz @] )EAFACHEA R ApEY CNKT @i £l ¢ £ Mdkueni Couftyz Kerifl

a°E C¥%vAR %viwpbu UtyA awduo Eawi WwWApPE y at A{y

o O



C3vAy %" i vASBAUPPOORAWA&EW ve Wy 2 yAywawa y ColT a |
vov %€ o0C 6£é vV NmBmadEw A el 0 Wya twa Aoodv uév ) ¢Av a
) 1 Yy
Herzschutetal,$ ! Y& Opéov AwCeéu %t CuCoév jvmucCCas CéwoOa
Yy ¢Av CANAS Az&Udy ©whAz AMaddpw Cif vox GPREs 3. 22088 2C 1 L6 %6
16 WWiE speaymiifést(SPT) 1 € %0 U v YoAvziamw 2t ai2ded)l ¢ 0 W &4 CRBDWHORAD Y ¢ 3
OWEEv AbPow DM D catay! ARG ik ~QREEAL P vt oiBE vw 2 wi !
)L %y BWDAMEE VW OAV  Y%la wAdpeCAEOZA WEEWGIZC BEYE ¢ BABAA 4%y (A
) © pyxAEE cawa-° p & vAYaEO oYV Vi v s Lliy 8wl FEJaLE0 ARHC ycAve Ao ewta
6C-1 ¢°Coi OuUvVAYXaID Ul @ BLCCAR 7L z Y. @EY AxCauCae v
Bharathkuma& MohammedAslam$ C p C U ¢ #Haduseh &GiossReRS 1/4a\Q- | %1 Xj »Ae,ey ¥
Stacadi &t xaf CApayneoaananizors | C 6 w0 Mg et all 2018; Fattah aff 2024
WU 3 | EESEER Omea2e24) I@MAM)%A%h&Qeﬁ,zom ERNv BV € %z Yw
Ewil °yyl y 1yl &win ¢zAMS; RO I Al YBQ{ED Wi
Owp o A€ K%wiC difya dl Q0BA RLZ §y A~ % | 0 Cpo°lBE dpbay ¢+ L
6v©Opi VAIGNA HE « Adow EOCMET, BERA) WardleSysn1 # R UE 0:C-'yEv AwA v
o Avowi+ ,CWDAGwA: CAS$ WCLwr j JEALOLICCEwEWE EE w-~
6yAy °yy%nBWAeOpu %t Cp Cu ¢ ¥%idamkarpt spfin@dkda Al w pt G/t
A2 Eé& AGE™ Calzj .V 2 OACPACICaGE $~t C By wAEDOAZ VIaS W 2A Y
)1 Az
AT pev weén VARBe PiywopEra EAI Czieky IMnLEv ASvwiIoADE 53G¢ AuA
Mazidieta)] APBOWOUN CRARY Qu Cyévw ¢# B 0CLDEAE £y j %E
OwY» iU ewEG N AeJ oabowdu ChrAUC Gy w0 Al a yowed) BWEEY
3/4CU)EaIy3}é\o~c L VMR Bz Yy AAwe g wil | &¥WYE VAR GALRA AZwe
GEvV T oy OCO‘YGEJMA@/EZO\A(DBU«A}E&AO@Z WOy WPAI&Sondifdy w203  © Ddvdp
¢Av 0 & Ad &k 6C §\AE CRBWAYE i %6 Wl «a ¥ E ¢ E& W ARRA WO W
C/E We )i %vt tA«cy OGwpA@RAOLEAY AL COBNME HPOORAL ALY
8 @0 @ CO WEALAN zI °Cyvaww U j A z0O AWIE:, j & W ot AECWCHEAWA A z ¢ ¥ € Y% C 2
) °©'ad é&@%wéwa@mﬁb@zw&\ﬂvyé<%*/m?&]ATa£j@93\fmvj§£N3éC|’ BE y  C:
| ¢ zAQ% y %C, { &£ ¥Aw bAAusEGAYkaltionASSC UGy w IC:y wlioge A{wiaa t A -
Wz ml]w/ﬁwOwy% cWwELAECywucAnfEesHhwio] %4CAT £ECYUNNAU |
L Ady YA QlagmBnammadiwt&(AF) ¥ C U ybi cecfowt bi,eomO @® th)i A« v Au 0 Ex
EayAR-a wEWEE G EMKT ABACIMFA U ¢ ] C¢Vv ¥z v% x»wi ¢wacoyy
' YoMz GoyovAA(#1°AE Awy UM ¥iv i OGwEy # ¢ Yawdgandpboy A £ A /EC
Beaulieu & Killick, Muglelsee(2019)%C Uy CEwbowOU UagWREYz vVALCEYE) ONE D
CywAfwyl | & GACERA Ok wirgiv ARe & AP & WAVY »AibBy v 2 ¢ wo

D~ O) <

OO



6Co° £ %z Cono A{juasAuA ByeEsImEy WA wW iz VA E¢ VA oG
%8v Uom&%uiAwuUy %t Ai °¢r%i 1, Eu a°E +w-yv CA%Y%z
COevHuE wt UANAO uév ¢Cuav J¢Av %uoECz AbpdwOu §
y« EBUANVGASY GCv AWAAKO2) EIGEAW %Uy° TV Wik §.easwi 3
QAU ¢ | ofap Azau@@w icevar 0o Pk Awa Yew { AV j E 32w wajy 014t
) oy VAR GHA - 20 EW ¢ v DOWEDST W «ARAC §G OFod A zO0E

Cywueivahe war Conm A{ GariAdweRABwa ycmr O{ £ %

Table 1. Summary of studies on autocorrelation in time series
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Fig 1. A showing of geographicilocation of case study comprising political divisions (surrounding provinces
and cities), and'synoptic stations.
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