. . A . > Wi::: o
53 /')/{.TU’ R Q&jﬁ
* e 2.8~

o Y A T T
WGL;:’.’GL'UU';»&GJ/T;.:,Q}’J// YAAV=Y - ¥A Lo G i T e

Gl 39 T 48 (il T—19 50> Sl S Ll g o ) (& 391 O gk (i g ¥

T SWidl s cwidlel oal5 wlis ma o

u‘))l cuuL.C—)Ju ¢ul§)o).m oKl Q_;xu.‘oé:'u.o 9 d))ﬁw r=91.¢ doJSwu].) ;‘_;’.ujoé:‘wo (sl 09; 6)5.} 64‘)9"]&”“) -
Ol)i‘ ‘u.,l,;.)_u;‘ ‘Olf}n).{a oKy ‘an]oé:L.a 9 L;)'”LJZ‘S 991,: doJ&.ﬁJb suwloést.o e 09)5 sl =¥

| b gunso st%-iel

Sod 9 doddlo

o5 ol yamdy Bl s (ol g Sl ALl pwguizme Dl Ol 39, judul 10 ey 65 S AR ds o
9 f"‘b‘ u‘)‘“‘” J‘f-‘b“‘f ‘9 Qt’-‘ }‘ “\'“’L’ )“Af)'“"slJ cé—“’l‘;‘i’“.‘T_lﬁ"z’ GL“LPL‘;’ N9y 59, “""9‘«5" )‘“‘7“'T » (“‘15‘
69> o asli ;0 Ol i g ladig) (o) 2 (S 43S slaans ;o Clie 89, pusul slagse; 6 )5
oy S5 Sl Wy oy Baa b g cnl cnlpli o)l log cueal bz (om0l g L B)L
b plol jgrie sl jo cwlidolHlgn (sla e

09y 9 Olgo

(_gl.mua:}l..i‘; ey 6‘)—.’ a_:L».Ho ).ou] u.z..w).m 9 @;"“"O‘)L’ ‘WUT L;Lmoli’;wi‘ Sl OB u;‘ 5
O35l 51 g,y Judoes gl o sy 99, Bl g Les o,k Jels ETCCDI s jlasbiul (ol g0
0,lgnle (sl guar 1 oolaiwl by (69,15 Olyetd puizmon .ol oolaiwl JIaaS e (SG el )LL) (glasriw 8
A8 G OLI g ETMA+ (TM sloodionin 5l 5an V¥ g VWAY (A YFA (sla Jlo o ™M (6 Cssd
Al Al L go,lel b ovwl cawsay glo pgual s g

slacis 0,8 slojg, sl > slacs Julis les o> sla al b sles g, Wl i egh opl =

gy 1o g3

Obazrafshan@hormozgan.ac.ir : (Suig wSI Cunny (Lo J gomnost

wuu]—‘}b G dbua?l.w 9 u.».b) LS)")IS u‘;..uu xR AfF-Y | ‘QLMJ‘)..\; “p ‘ool)u...,l...c :QMI
NE-AY (V) YV s lomsul slaiagh olus oy, sl ,o

10.22092/wmrj.2023.362493.1543 :JUewd gawlus

SR TE (ER R e PR EIE SR TP2) PN UR P PRI S8 TRNIT PP E5 PP R CIRL 38 R 7l LR PR YOI
Ot © o bl (oxl qlie 5 55,5LaS (590] 5 Dlagiz 55 5 3 il




VF oY laal O FY by (o,lowd F (50 lows XV (50,90

v &
U’/'V{’(ﬂ(ﬂ’}
. ®

Vo)) S G5k ooyl g9 la ez le wig) deolfil (S5 50 0g (ol (559,als sles saisls g 0,8
(S slasgy) 5 slajs, slass g, g (Laal 8l ¥lw 250k (31 W9, Lel gy (—2al33l Wg) (o hen Yo
S eols i ailate bl Condy Sk o)y 5 B 5 calS o iy (JlaSiis) St slags, g
aslais ;o 5L Comdg s ol ) Ol s 4 axgi L.l ]38l sla 230 O 510 slapglas oyloj ;o 5L
asl alS x5y gl o) o 517N s lis atidS gams dw 10 e (6,5 Ol )y ol ol
lansls Gl B IYAL 5 VY ol fay (S9Sme 5 (55,8 gl (e 9 o

Wolesiin 9 (5 55 a8

Sl 5o 5 (S 5 o) P) o S (oSilon il o 4 8l (i g, ol sl
ook Ng, BB 1509 o Jre g 0158l (61a8 B FO 5 VO 5 L Du Wiy cdogy Ll Jixe Wig, W8 AST 5L
(Lo 52 12 TC o Silee j5boa) (oo (slaatls dan —2al33l g, 0,5 LSl ol luabl L o Glsiiges &5
St g At g 4ieS b,z S as s Wy, R0 ik 51058 wali ) Clie sl s cadlll s
S Sl 5 ST ey s 5T slo s § (S Sl on 3 39 (el 55T 3 i slalind
Slyeads Sl 09 o0 ety (g (nl @S saly p adb (GSae 5 (55,5LS @ (K g (0 slagee

Dgdb asF Sy anbalie o poe o ()T sl g o) wugi“}“ Slo o p o3l o]

59y 3Ly WA Lo (el yudi (o> s b (JInS— po (ya03T s gauls G 5lg

ey S ) Dl sy oo Sl (Vo)) (Sen
Copndy e o Wl o0 ] @l Jolas 5 orld]
Mg 65,0l glacdld yo ala il 5 0gh (AL
Sl (e iwd sl dihaie (LS Lo 5 655
SITURYE PR

b JShay g Cl arng b jo (55025 )
Ok g Sugb) des wile (onlil sloai s s
ez Gl (Gt el 0y Sl 0l e
5> b Giale S g o Sogll e (68 Sy
el aizmed (V2 0 A 00 ouned 5 (53256) 22l Lo o
i g 5 S5z (slonsay 31 e wilgs oo o
551 os Gl sty 5ol sl A L
Sezg ar el 0o (g5 5l L Jleiml 2als 5 5
Bble )3 ohuga (1l )0 o8l odizmy Ll il (ol
(Vo) LS g oolyde) ol walys Sis g 65
s Sbey ool o Ls._‘>l.._wu—| Sy sl s
25 5 05055 Loy, b g SSL ol iy Ll
Sl Sl Jdody a5 s o Lo (5 lolixe 2381
slars b gl Jlu o glse 5 ol Glopius o oS
50 con el Sl s ol aes e Fy Gt
Ol 0 Jdody ol e apaiy 18 Sl slacoJled
5 @l glagygasl 5l o) Ktmgsy 5l (g ko ool
S g Jw) Wloo S oolaiwl laaigy sy yo glasin e
2 e Olnl e Goledn Glaiegsy (Vo7 eabe

Admd MO

2 Sl @ pmie Bae (Vb o Sl ab e S
13 conten 55 WIgi o 45 ol oo ol sl it
ol o s ladl 5 xabs (gla ole a5k arsls
olas ) cely oS aitiis o8l gu> glaonyay Dl s
e Weie GFLICT go leenyy
LT 5 corldl slaazls Wiy (osyp (VoY
Sty by g Lo (b 51 aS Sl sl i o594
sl oldl Sl i 36 Sl sl e
o Bmul 30 sl (6590 sl el (elids o
)O g.j LS")"-\-" @b))‘ )5.'4..‘044 ‘S.JLH»;)—‘—‘? le.m.b”
95 Supe g Jow b )55l 5 Shlas 2als (o iws
g Loye) Conl (alidlsn 5 (b0l )3 e Sl
el SLFLY Y e 5 gandig VoV o o) Ken
Jolss o (Sl yuend $lgs oo oll g (e (62,18 Dol s
2L by SelS 055l g2y 4 65l g o Glee
Obe 2le S Jold Gialydl g §yai- el Grals e el
el el ol (o 50 9 098 o0 Yhusl g (o)
9 Caly) d9—boe )b GrelS g ol S i5 wagh,
S| oé‘ouL..M_v 6)L_Mu le.bw.bs).v (Y \Y u‘)lio.ﬁb
Sg—dr Sllg, Gl cge o) (62,5 jad &S
sole) Cul S i S oS slaisul o gaose (1]



U’/’/TU’ f&}?

(VoY) Gl 5 7 09 Sl o) 5 GRle
55,5 oy 1y o] Sl 1 55 s
Wl 50 IS Dl ol Gl sl gy gl
s o 5 il Sl s Gl
2O g

slacalled Oliw o9, 3ol 1o (ol Cgix o
ol 9 99— o0 plowl (6 S i SO ()58
Sl o 9 55,58 DY game | (S b adhais
Sl 38ul 29,5 5o Il ds ppizmen Ll
2O o 5 oy 65 )g i8S B las gl oY Ol
Plis QL jl @laiand 5 ol joty s o
a2 g0 Gt iy sloiagh S (oo sl )
s adlaie (ol )3 (S8 5.(55)slaS Slacre oy
w3y 5ol 5] pe Corg 4 o 5 sl i3l >
Gl 00l Slpss ogtiws jusul opl ouldl g ol
9 S ydpseshie VooV (L dg s 5 (51095 )
5 ped8l Ol sy oy gy ol 51 (Y- Y- S o
438 laans ;o Sl 89, pusul Glaga; 528
o> slaaly )3 Sl g g (o) 2 (9SE
or 3l Sloiy Coeal Gl (200l g Led ()L
S ly el (elia Tl o Sl s W
p5Y Sl el s 5 sl slacidlad pls
JERCUNELIUN I ot C RV PRNEE S O
2 858U Sl isee; S 5 e o @l
S BT U U R Ay NRLIVON PR TY [P PV S U
o S b olpl osi o Glie sl jo (tagh
oan 9 WIS (Gand A 13 ey (S )5 Ol
b ool el g 50> (gla e Ol peeis

09y 9 dlge
suisandlhe gadlaio

el gy yiaghS AT Ol 09, judul ol e
Coiz 50 Plaiwl s S woYb o dilaie ool oyl
Sl YACYY B YV Llsla o,e oyl ol
ol () Sy el B, 5 0V 5 0so0Y
Ol g o)l (o5 3y (65,0l slaclled aikis
il o Copot] Bl Ol iro cutS Ll )l adlaie
sladle 15 65,3laS slagrse; coluw piul cnl )
aS ol a3l iol33 VYN 4 O/F 5 YY) B YAd-
el )..fw u,....'\)3| @me&m Eso90 Q.ﬂ
OhSes 5 Gateres,ln) Sl dilais )5 (55,5laS
BYY ol ol s gasals jsol ol o (Y- VY
S Sasl b Ol 09, el w8l .ol 2o YV A
oeSile a3l o YA 'C aVlo los (1:Sko g sl

e O 12 (G35 a8 LS g (o) (5 2) Ol ek w2

el ol it lgn (gl ko g, uloo
s 2> (VWA ol 5 8l gl @l
5 ol mals il 1o ol lgn (sl yite Wig,
by, b psul 70+ 51 i o wls olas (lee sb,o
ok Dol g led g L8l alS )b pslas g )l
Sloslaiwl LY+ V) o )Sen 5 (5 0l 8l il
Ng) Egore a5 widl ;o JluS-ire Wy, el )
@b o Ll lnl oo lelRiwl ples ples
5 old> 5 (VW) Ll 5 gooe slaagh
by suo Gl azls (o) p 2 (V1 2) g mesS
Flge Sz slagg, slass wig) els s (5L b
aS auz8l o (Yo A) o) e g (5000 090 (o]
5 3150l ogs sial38l glad 3o VO )L a il W,
5z g oliws! cwyp o (V4 +V) o )Sen
5 Sl St 3g) 50,5 )15 Ol 655 0
g g3l dmelSin eyl iy )0 alj, byl
28,5 IS (VoY) phles g olbgldyg lnl 5o
OSils 5 Aoy S slos (50> (slaojluil i
e—al38loa i sy solS ] aled (o alilyg,
D9 o Fxe

Dl G (wy 2 )2 (V0T 0) (e 5 (o5
O e 5 Sy, o Shs 2 o) 8
ol J1alS a5 e g S s Co bl wisls
I35 Ll ladly (inl38l (T 5 a0 (e 9 S
ol B YE @ PY Sl S g0 leds (gojlusl 45T wis S
910 i SLly) o 5 gl (ool 9 2l
OLlen 5 gaeze Shagh mls ol (531704
Jros ols Lis SWAT Jow 5l ool wl b «(Y+10)
TAD ol 8] o e oy 40 K> o 5 Y/
PRUESUWE IRy VW rw:eu>'/./\\"/\ 9 o 9 Lsaogj
G B VD) Gl 5 6L 5 (V1) e
oo lis Gusul dsie (go,led ial3dl wis S
S 4 &le Gl st 9 Ble CokS SalS
Lol Lo fs S5k 5090 SRl 9 (65,5l

Sl ysite B9 535 ol Sbaiagh o Lo 5o
510,555 elo a5 ol siplon] liiT lga
Sloslaswl b (V-V) gl ye 5 Lowye (lwtd 5 595
5 ool sle yuie 0y, JlaiS e (5]
S 553,5 30l 5 255 ot 5505 o S
VD) Lo 5 5L g (22l 31 0k > 5 AL W)
Sl =) 611 Dl L ol o pllaip gy Slsos
S ol s Ll gty @l wisyS (s
gz 292 ol sl G205 S )5 Sl 42 o8
Alp s S cbliz )3 () 6,5 Slpis 2SU

&



VEoY liagli VFY by (g0,lowd ¥ (g0,lon ¥V (58,93 WA
- @

V1 5ot g (559 s sorki) Conl 008 BN iy ol jinhoa YE- agily 3 peim s iYL

(b) (@)

5790070 579300 5800 1L

28°30'0"N

28°0'0"N
28°(MO"N

27°30'0"'N
2793000 N

Legend

* Evaporation Station

A Hydrometery Station

@ Rain gauge
— River
High : 2692

z z .

2 :

gl osmw 2 g “Low:22

« m—mmm Kilometers ~

ST00"E 57°30'0"E

(D) o om )y (S8l (olbT- 190 (GUroliims | By g () 5l ! 30 o gm 1 sl Coprgo —) S
Figure 1- Map of the study area in the south of Iran (a), Hydro climatic stations of the study area (b).
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Table 1- Characteristics of the stations in this study.

Variable name Station Names ( degrees}r(r)l?flil?elgfsecon ds)  (degrees, zglt;g: seconds) Observation Period
Abnama-Roodan 57-15-13 27-28-23 1998-2020
Bargah 57-39-59 27-36-12 1982-2015
Rain gauge/Rain Cheraghabad 57-28-53 27-12-15 1995-2020
Kharaji 57-14-01 27-23-36 1979-2020
Sheikhabad 57-06-31 27-37-07 1966-2020
Mazgerd 57-05-06 27-08-18 2000-2020
Mohamadabad 56-57-46 27-59-25 1986-2002
Nazdasht 57-11-57 27-45-51 2001-2020
Abnama 57-15-13 27-28-23 1994-2017
Dehmian 57-22-00 27-39-00 1982-2018
Hydrometeric/Discharge Minab 57-11-29 27-16-18 1982-2018
Berentin 57-11-29 27-16-18 1962-2020
Dehkahan 57-33-34 27-43-02 1992-2015
Temperature Sarkam 57-14-53 27-46-06 2002-2020
Fariab 57-05-15 27-28-47 1967-2020
Galashgard 57-12-49 28-00-09 1974-2015
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Table 2- List of the extreme hydroclimatic indices used in the study area.

Indices Description Unit

Extreme Precipitation

P total Average annual rainfall Mm

R10 mm Annual count of days when PRCP> 10mm Day

R20mm Annual count of days when PRCP> 20mm Day

R30mm Annual count of days when PRCP> 30mm Day

CDD maximum number of consecutive days with PRCP < Imm Day

CWD maximum number of consecutive days with PRCP > Imm Day

115 The intensity of rainfall during 15 minutes mm /h

130 The intensity of rainfall during 30 minutes mm /h

145 The intensity of rainfall during 45 minutes mm /h

190 The intensity of rainfall during 90 minutes mm /h
Temperature

TR25 Summer nights: the number of days of the year when the minimum temperature is more than 25 degrees Day

Celsius

TX90P Hot days: the percentage of days when the maximum temperature is higher than the 90th percentile Day

TN9OP Hot nights: the percentage of days when the minimum temperature is higher than the 90th percentile Day

DTR Diurnal temperature range: the monthly average difference between daily and nightly temperatures °C
Streamflow

Qmean Average annual discharge m’/s

Q10 Minimum flow: the number of days when the flow rate is less than the 10th percentile of the station Day

flow rates
Q90 Maximum flow: the number of days when the discharge value is greater than the 90th percentile of the Day
station discharges
Qpeak Instantaneous maximum discharge (the highest instantaneous discharge during a year) m’/s
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Table 3- Mann-Kendall and Petit statistics for temperature extreme indices used in the study area

Trend statistics Station Name TR25 TX90P TN9OP DTR
Z Mann-Kendall Sarkam 0.46 1.64 1.63 1.55
Fariab 0.78 1.22 1.94 1.45
Galashgard 1.22 0.96 1.35 1.65
Dehkahan 3.15%* 3.25%* 2.78%* 2.1%
Berentin 2.99%* 3.01%* 2.88%* 2.98%*
Sarkam 42/1386 56/1386 55/1383 21/1384
U-Petit/Brocken Fariab 56/1370 48/1369 23/1365 50/1382
point (year) Galashgard 71/1363* 51/1380 51/1365 42/1385
Dehkahan 75/1378 49/1376 78/136* 56/1381
Berentin 83/1364** 78/1362* 79/1364* 81/1365*

* Significant at 95%
** Significant at 99%
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Figure2- Spatial distribution of trends of temperature indices: A) Daily temperature range (DTR) B) Number of warm
nights (TN90P) C) number of warm days (TX90P) D) Number of tropical nights (TR25).
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Table 3- Mann-Kendall and Petit statistics for rainfall intensity used in the study area.

Trend statistics Station Name 115 130 145 190
Estiglal Dam -0.52 -1.22 -0.23 -0.23
Berentin Roodan 2.01%* -1.65 2.25% -1.02
Z Mann-Kendall Berentin Minab 1.22 -0.98 2.36* -0.78
Estiglal Dam 45/1366 42/1363 21/1380 12/1368
U-Petit/Brocken Berentin Roodan 62/1362* 45/1366 65/1362* 15/1383
point (yaer) Berentin Minab 58/1362 27/1366 72/1362* 45/1363

* Significant at 95%
** Significant at 99%,
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Figure 3- Spatial distribution of trends of the rainfall intensity for different durations: a) rainfall intensity for 15 minutes
b) rainfall intensity for 30 minutes c) rainfall intensity for 45 minutes d) rainfall intensity for 90 minutes.
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Table S- Mann-Kendall and Petit statistics for precipitation extreme indices used in the study area.

Trend Station Name P total R10 mm R20mm R30mm CDD CWD
statistics
Abnama-Roodan 099 -0.46 -1.1 0.99 0.15 0.52
Bargah 0.56 0.25 -1.12 -0.5 0.2 -1.19
Z Mann- Cheraghabad -0.23 -1.35 0.2 -0.75 0.98 0.17
Kendall Kharaji 1.1 0.33 -0.86 1.19 1.73 -1.87
Sheikhabad 1.25 -1.1 -0.65 0.2 1.62 -1.05
Mazgerd 1.99* 1.33 1.44 0.15 1.44 -1.99*
Mohamadabad 1.1 1.62 1.23 1.44 1.99* -1.12
Abnama-Roodan  44/1381 32/1381 41/1381 23/1384 12/1384  41/1380
Bargah 25/1364 28/1363 25/1363 19/1380 32/1365  21/1365
U- Cheraghabad 32/1376 54/1377 23/1380 44/1376 33/1380  36/1383
Petit/Brocken Kharaji 22/1363 12/1380 17/1383 36/1363 25/1363  22/1363
point (yaer) Sheikhabad 52/1362 19/1382 79/1362* 63/1363* 56/1363  54/1363
Mazgerd 12/1380 25/1380 36/1383 19/1383 15/1383  42/1388
Mohamadabad 65/1363*  81/1363* 64/1363 52/1363 13/1381 25/1366

* Significant at 95%
** Significant at 99%,
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Figure 4- Spatial distribution of trends of the rainfall indices:

a) Days with rainfall greater than 10 mm; b) Days with

rainfall greater than 20 mm; c) Days with rainfall greater than 30 mm; d) Consecutive wet days; e¢) Consecutive Dry Days;
f) Average annual rainfall.
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Table 5- Mann-Kendall and Petit statistics for streamflow indices used in the study area.

Trend statistics Station Name Qpeak Qumean Qoo Qo
Z Mann- Kendall Abnama 1.23 -1.23 2.03* -2.46*
Dehmian 1.66 -1.44 1.91 0.2
Minab 1.49 -1.69 1.46 0.1
U- Petit/Brocken point Abnama 65/1381 52/1383 43/1383 25/1381
(year) Dehmian 66/1364 46/1362 24/1366 39/1364
Minab 71/1362* 83/1363* 69/1363 76/1362*

* Significant at 95%
** Significant at 99%,
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Figure 5- Spatial distribution of trends of the hydrological indices.
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Table 7- Theaccuracyofsatellite image classification in three time periods.

Year

1990

2005

2021

86
78

Kappa coefficient
The overall accuracy percentage
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Figure 6- The land use/land cover maps of Minab river basin, in 1990, 2005 and 2021.
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Figure 7- Land use changes in Minab river basin from 1990 - 2021.
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Extended Abstract

Introduction and Goal

In the last three decades, land use in the Minab river basin has undergone significant changes and
these changes along with climate change in the basin can affect the trend of hydroclimatic variables.
Due to the changes that have occurred in the climate and land use of the Minab River Basin in the past
decades until now, the investigation of trends and changes in the threshold indicators of precipitation,
temperature and flow rate becomes particularly important. Therefore, the aim of the current research is
to investigate the trend of land use changes and hydroclimatic variables in the Minab basin.
Materials and Methods

In the current research, the data of hydrometric, rain gauge and evapotranspiration stations in the
Minab watershed were analyzed to extract threshold indices based on the ETCCDI standard
including precipitation, temperature and river flow. Trend analysis was done using a non-parametric
Mann-Kendall test. Also, land use changes were extracted using TM series Landsat satellite images
in 1989, 2004, and 2020 from TM, ETM+, and OLI sensors, respectively, and the accuracy of the
extracted images was confirmed with Kappa statistics.

Results and Discussion

The finding showed that all the temperature limit indices, including tropical nights, hot days, hot
nights and the range of day and night temperature, have an increasing trend. The extreme precipitation
indices, heavy precipitation of 10, 20, and 30 mm in some stations has an increasing trend, but the
annual average precipitation has an increasing trend. The number of wet days is decreasing and the
number of dry days is increasing. The investigation of the changes in the rainfall regime of the region
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showed that the intensity of the rainfall is increasing in the duration of 15 and 45 minutes. According to
the changes that have occurred, the change in the precipitation situation in the region is inevitable. The
survey of land use changes over the past three decades showed that 22% of the pasture land area has
decreased, and residential and agricultural land has increased by 280 and 220%, respectively.
Conclusion and Suggestion

The findings of this research showed that despite the increase in the average annual rainfall
(16 mm per year), and other rainfall indicators that had no significant trend, the trend of 15 and 45
minute rainfall intensity was increasing and significant. Contrary to the trend of precipitation, which
cannot be proven with great certainty, the increasing trend of all temperature indices (on average 0.9°C
per year) confirmed the climatic changes in the Minab watershed. On the other hand, the trend of
minimum and maximum stream flow and maximum discharge was also increasing in the watershed,
and it can be one of the reasons for the changes in rainfall, construction of dams, and changes in land
use from pasture and war lands to agriculture and residential. Based on the results of this research, it
is suggested to investigate the effect of future climate changes on meteorological and hydrological
variables and use its findings in natural resources management.

Keywords: Climate changes, Mann-Kendall test, precipitation extreme, stream flow indicators



