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1- Pre-Whitening

2- Trend-Free Pre-Whitening 3- Pettitte
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Figure 1. Location of study area
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Table 1. Properties of Rain Gauge, hydrometer and temperature stations

Clales MM & Gl oSike Jloilblopg Job  aldlie o il b olSiu] 5 olSzu] pl
Foa/s Y AR OY/0A e b 039953 Ju
V-SV/A % A2t 0V/AA o b oS
TYAIY ¥ ARIAY av/-y o b O by y
OV Al v I5¥ VAN e b et Kol
YY)y Y \RAA av/oa e b Jeslowsl 0315 plal

FYA YA YoV aV/AY oo b 555
TPAIS 4 v.Is8 av/yy e b Lo 035
oY YA AR av/eyY e b Sabd
INIAS e ¥ /00 0V/AR oo b absog
YANY Y¥ AIAR oyY/vY i b ST s
F0V/\ £f \RAA av/ve e b ST ole
Fa¥/¥ Y AN ov/NE o b oo
WaA i AR VAR oo b Jves
VE/XY Al voI¥0 AR o L3 JIe
VW/YE s voI¥¥ OV/AA o o3 oS
\VAx Al Ya/ay ov/v- s Lo sbl e
YA Al AN [N7AYS o L3 oo

g ) izped 435 Jlosl by o g9y 3 S

Syt duopd daodld (spw pd CunS dlads g jbolixe

SoS & S dbdi jlan g S8 50 gy e (650ke

A dslore (V) dlayl

C=( u"**’?)"-\*fcxiﬂ:o_?%?)'ﬁ wih*lOO) (Y')
o 3l g ol

Jopd & Sy 53 90 Glpdd Cuns Calaly pl o oS
ol
IS e 90

B9y 2929 pie 9 (O (LA p (9ol (wl yho 23
GPR 2)) Se BB ipd g 2> SIS laodly (gpw 5
3 oolatwl LBl o odld gy jd Lgy 2939 p b (o
I ol 3 g oad aBld (pb & SIS )
o Z D)LoT aalllae opl > Cowl oad ol By "j ol
b gl (F) dayly 5l s

s—1 =
Nzae) Sls>0
Z=10 Sls=0 (¥)

s+1

km )§1s<0)

Sty S dlall 5 Ko 90

45l &8l el gylel 9y S sy 90
ssbaie & g )l Wodly (gyw (g9) 2 P @ bl
Z8lg 53 .09 oo odlitul Sloj (g S » S dad o
@L»Lw JS.M; L‘ﬁl LYagves] alads cog.o)‘\ O'.’.l )‘\ oalaiwl L
o ol (o) G 5 pme 4 S alawly, o 335 o
09,5 80 (pl Ded e e o 095 0 &
g e (LxXTXtH2xt+]) 4 (...xtx2x1)
by ot ogedl ojlel Mitus pasitio o)Ll (slo Sy
el Cawds (V)

Uit = §=1 Z]T':t+1 D;; V)

Slete Sloj g polie l amle Jog 1 &

sy o)w_T ot (o XTeXtH2Xt+1) o...xt) X2(X1
(YY) canl ol 3l am g puws dlat B loj gy slmodls
Ut &S aad e (ggy labads D Sloj (g 0 S e
ol (V) by I Jlade opl gty o0 295 jlade yiSTas

()

Max

Vir 1<t <1|lVer

2 il 2929 S Sre yuss dais &S Jloj (sl gy »

O N9y (9905] 9 M pamd Gy £j2 9 A Sy )b ]


http://dx.doi.org/10.29252/jwmr.9.18.123
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.18.18.2
https://jwmr.sanru.ac.ir/article-1-830-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-19 ]

[ DOR: 20.1001.1.22516174.1397.9.18.18.2 ]

[ DOI: 10.29252/jwmr.9.18.123 ]

WP 03950 e 49> )3 Ny (plulid (51 Lb gy 1ia b (B)k g Led Sde aily @il i (44l8Tg

slodly i alS yy Gle® cud awlxe bl
Ay bews IS ol b Nl a) Slelie
Aye @ bl Sle g o anwlbxe (Wb e N(N-1)/2 L
W8)S J5 ) wyp D90 Sloj Sy b Lawgie jlade
9 N9y 09 (Lgxo E’Sb Sloo o Cuio )_I.\s'ia Dy o
B9y cwd (A) cwsl ol g Jgp p I ol (e e
355 o dsulons (1) oty by

0-)

(X=X

B= Medlan( )
]

Vt<] £t=152£3c ...... n

0o &2 Cund Lod 9 (40,0 Ol ek o
WYl slod g ()b Sy Jlake §383 (owyp >
@ Cuns bl 0y9d s [ oy wse S5
dle (V1) dlaly S8 4 olStu) a0l Sk
4 S Ot 20> PC by opl 3 (A) w35
0)9‘) )_) )_,_,QI)L, U&LA X cd)Lo] JL» .)IJJS N cOAiJLuO
ol yiall d bgrye ey bad cand SS g gy

pc = &2 (")
X

ity g Al g Ko (y90]

4 Yl 5 dlalo lawgio slod g o)l slaodld (g yw (59,
Syao & (V) Jodo ) oo oKl ¥ 9 WY 0 iy
thw 5t cuss aledi o8 c.')lj’} Ut g,a}l 0,Lel
Jodx opl gl ol .l odel Pygeil (g)lo gime
sloodly (g > cuwss i g SLSL @lpx ge8g o
ol 0315 F) o olo gl 50 oS! dca ailale i)l
o i g dlar dand bawlgl » Glyux ol b
o] oyl 5l K gun 3 Poojlol 4 av g5 b Lol el o
Cans D bz laebl doyd W0 Haw e ol
CaS bla 55 aVle (o)b cbodly gy ) picren
lale )l 4 Cud s opl £689 loj ()5 asuiie
Bty S5 )0 45 0k & Wil o (gt (SuSTyy <yl
aol 020 & A=A Jlo > s dlads baolSitu] dus )
B e bolKiw] 51 S gun o cwsls bl pl wis e
Ol g S alal 3929 () 4 y0 5 WES2 &S sy5ba
X yb Nged pMel WEO-VO (slo Sl oy yidis 1) dsog)]
Oeded Llodgs b pme Sl Cpl (639020 3)l0 43 3>
Wi (1) oK ‘_’s.:l> 0,8 gl alie Cladsd
B (V) ohlen g (ol ()b il > (5w a2l
2 0l Sloj s > Slyass o b Gl (o) Gl
Caol 0205 5 VWYE=YA Il

A pdy (Jype D Yo dud b Wig) (yge3l dleld 93 2,8 L

Bl 18y ) by oS 29 00
1Z[<Z,, (o)

JEEN u?“’)j slp & ol Lg)buj'.m thw O &
w0 oylulinl Jby mis o)l Zy g 25 0 4i8)S
903 (P92 Akald gd & dogi b aS Wil o O (gyly ixe
Pl gl Gloj gy 3 1) (pials K9y ol ake
oy & A YOVE L VAR 5l 85 7 Gl (8
93) gy dgxg pie (G yho 5)8 Joyd N 9 B ey
(V0] 29 n 4By Cowl K59 39209 by &5 Sy (1258
s gl JINS— (0 (4905

"MMK L 'MK-VCA o135 Mol IS oo (i,
dad Pl igy ol 53 0,8 Al (V) ) 5 dels lawy
Sl 9355 o0 s laodld 1 )by pxe (Siusendsd ol ps
ilpe & S JE odlatel dy9e plagpe
Al b e 390 dix b SO Ll Stasendes
(FYN0NF D)

el K agpe (Stuod 363 oy il ) cnl »
(Shod 353 ol (53 dne e g delxo (F) dlai
D5 oy (V) ) J o> A0 s )3 pIK a5y
Sy oy  Siwed 355 Copd jlde &S JSyao
Nanso2 g g b NS o (V) dasly by > Sl

2,8 Bl ol Bl g edg Yl ize

k= ﬁZ?;lk(xt—ft)(ka—ft) 5)
%Z?:l(xt—ft)z
LL96VRRTT g 1+196VRokT )
n—k n—k

Sl X g plK 45 jo (Stusendgd o po TK () sl )
Z 5)ll V(S)" oa Mol uibyly (yuemo sl (Sloj (6 oo
#4035 dalro (1) 5 (A) Lslg 51 JIS”

V(S) =V ()

(*)
=1 S = k) — k-
Din - k">

JIS e s99)y0 Wedld wil,lg V(S) (1) 5 (A) ) 5o
sl Kiad 395 laisp iy (Sl cups
osbly iRl b JIST e geil Z )bl coles
el Cawd 4 () dlasly > uiblg sl 4 o M
(crw—J2B) cow s ;0835 i

by ks slacws gy omess Glp by
2B ot jieS g Canl Jgare (omw )5y B9, 5l Powlie
LB gy cud 2pSe0 B g Jlop e sbaodd
Wibge (o omw,Sy by 3l ygd gy cpl I eslatul
= Sy G plie > Sl by cpl (VD)

1- Mann-Kendall-Variance Correction

2- Modified Mann
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Table 2. The results of Pettitt homogeneity test on monthly and annual mean rainfall and temperature _data series
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Table 3. Results of rainfall trend test in the 13 mentioned stations
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Figure 2. The spatial distribution map of trend significance of &) monthly rainfall and b) annual rainfall time
series in the stations
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Figure 3. Annual rainfall trend in a) Abbas Abad station with an upward trend and. b) Dshtak station with a
downward trend
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Table 4. Results of trend analysis of monthly and annual mean temperature. as well as the annual mean temperature
trend of the series at the stations with a significant change point
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Figure 4. The spatial distribution map of trend significance of a) monthly temperature and b) annual temperature
time series in the stations
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Table 5. The percentage of the change in rainfall and temperature parameters compared to the mean of the time series
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Abstract

Doroodzan Dam basin is one of the strategic agricultural areas in Fars province. Changes in
time series of climatic parameters, especially temperature and precipitation parameters, can
have a significant impact on the growth cycle of agricultural products, the status of water
resources and the economy of the populations in the area. In the present study, rainfall and
temperature trends were Investigated in 13 rainfall stations and 4 thermometric stations.
Initially, the change point pettitt test was used to assess the homogeneity and change point in the
time series. Then, trends in the rainfall, average monthly and annual temperature time series
were investigated using Mann-Kendall (MK), modified Mann-Kendall (MMK) and the sen’s
slope methods. The results of the pettitt test showed that there is no significant change point in
the monthly and annual rainfall and monthly temperature time series, only in the annual
temperature of two stations, there is a significant change point at the 95% confidence level. The
results of the trend analysis with all three abovementioned methods showed that the monthly
precipitation in all stations and annual precipitation in most stations have a decreasing trend and
the average monthly and annual temperature have an increasing trend; however, in none of the
time series, the trend was significant in the confidence level of 95%. Based on the results, in the
whole area, the mean annual temperature increased by 3.7 percent and precipitation decreased
by 9.1 percent compared to the mean.

Keywords: Change Point, Fars Province, Sen’s Slope, Trend, Modified Mann-Kendall
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