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Extended abstract

IntroductionIn

recent decades, droughts have intensified globally, affecting diverse climatic regions with varying characteristics. Rising
global temperatures alter climatic components like precipitation, evapotranspiration, and soil moisture, impacting river regimes
and exacerbating water scarcity. Droughts are categorized into meteorological, agricultural, hydrological, and socio-economic
types, with interconnected impacts on groundwater depletion, agricultural productivity, drinking water access, and socio-political
stability. In arid/semi-arid regions like Iran, groundwater is critical for drinking, agriculture, and economic development,
necessitating advanced management strategies to address spatial-temporal variability. Studies emphasize analyzing hydrological
and climatic trends using parametric/non-parametric methods. The non-parametric Mann-Kendall test is widely used for trend
detection in non-normal data, while Discrete Wavelet Transform (DWT) decomposes time-series data to identify non-stationary
patterns. Global Land Data Assimilation System (GLDAS) data (25 km resolution), developed by NASA and NOAA, enables
large-scale analysis of land surface parameters (e.g., soil moisture, evaporation) using models like CLM and Noah. This study
employs GLDAS data, Mann-Kendall tests, and 1D wavelet analysis to assess hydroclimatic trends across Iran’s climates and
major basins. By integrating statistical and signal-processing methods, it aims to decode drought frequency oscillations in
meteorological, hydrological, and groundwater indices, offering insights for policymakers to optimize water management amid
climate change. The research distinguishes itself through national-scale analysis, frequency-domain insights from satellite data
(vs. station-based studies), and simultaneous evaluation of broad trends and granular fluctuations, aiding climate adaptation and

drought forecasting.

Methodology

In this study, data were initially obtained from the Google Earth Engine platform. Annual precipitation data for a 20-year
period from 2003 to 2022 were extracted using CHIRPS, which offers a temporal resolution of five days. CHIRPS data are
specifically designed for climate and drought management studies, covering the period from 1981 to present. Due to the absence
of precipitation data before 2003 in GLDAS, CHIRPS was selected. Additionally, GLDAS data for groundwater level, soil
moisture, and surface runoff were acquired for the same period at a 25 km spatial resolution. These variables are directly linked to

the water cycle and are crucial for water resource planning, drought management, climate change prediction, and policy-making.
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Daily and five-day data were aggregated into monthly scales using MATLAB and then processed in ENVI software for the entire
study period. The Mann-Kendall non-parametric test was employed to detect trends and non-stationarity in the hydroclimatic
time series. To analyze the nature and patterns of changes, one-dimensional discrete wavelet transform (DWT) was applied.
Wavelets are powerful mathematical tools for decomposing signals and time series, enabling identification of short- and long-
term trends and fluctuations. Daubechies wavelet, well-suited for precipitation data, was chosen as the mother wavelet. DWT
decomposed the 12-month meteorological, hydrological, and groundwater drought indices of Iran’s climates into eight levels of
detail and approximation components. This approach facilitated detailed trend analysis of drought indices over the study period,

providing valuable insights into hydroclimatic variability and drought dynamics.

Results

The trend analysis using the Mann-Kendall test revealed that precipitation exhibited a decreasing, though statistically
insignificant, trend across most regions. Similarly, actual evapotranspiration, soil moisture, and groundwater levels showed
significant decreasing trends, consistent with the decline in precipitation. Overall, the results indicate that precipitation, or
meteorological drought, is the primary hydrometeorological component, acting as the starting point for other types of droughts.
Wavelet analysis of drought trends across different climates in Iran showed that the trend of the Approximation frequency,
reflecting low-frequency changes in the original signal, was similar across all climates. This suggests a common change pattern
nationwide. The Approximation frequency displayed an increasing trend for all drought types, indicating that drought frequency
has intensified in recent years and is likely to continue increasing. The Detail frequency analysis revealed that fluctuations in
the SPI (Standardized Precipitation Index) and SSI (Standardized Soil Moisture Index) were significantly greater in wetter
climates than in drier regions. In dry areas, fewer details were observed in the trends of these indices, likely due to greater rainfall
variability, larger water resources, and complex hydrological structures in wetter areas. Changes in groundwater levels were less
pronounced compared to other indices, resulting in fewer details in both high- and low-frequency trends. This can be attributed to
the delayed response of groundwater to rainfall or meteorological drought. In contrast, hydrological drought, specific to surface

water resources, showed substantial fluctuations due to the strong dependence of surface water on precipitation in most regions.

Discussion and Conclusion

Iran’s climate is influenced by the subtropical high-pressure system, a dynamic warm air system that has intensified in
strength and extent due to global warming. This expansion reduces precipitation in affected areas because these high-pressure
systems induce descending air currents, which inhibit cloud formation and rainfall while increasing evapotranspiration. Although
global warming has raised temperatures in Iran, actual evapotranspiration has decreased over the past 20 years due to declining
precipitation. Groundwater levels have also declined, primarily driven by reduced rainfall alongside factors like over-extraction,
illegal wells, and industrial use in low-precipitation regions. Overall, precipitation or meteorological drought is the primary
hydroclimatic factor influencing other drought types. Wavelet analysis of drought indices (SPI and SSI) revealed that fluctuations
are more pronounced in humid climates compared to arid ones, likely due to greater rainfall variability, more abundant water
resources, and complex hydrology in wetter regions. In contrast, arid areas show fewer fluctuations and details due to limited water
sources. Groundwater changes exhibited minimal variability, reflecting delayed responses to drought and greater stability across
climates. Surface water drought showed significant variability, influenced by its strong dependence on rainfall and sensitivity
to short-term events like floods or dry spells. This dynamic nature causes surface water to respond rapidly to climatic changes.
The study’s findings help identify critical regions vulnerable to reduced rainfall, increased evapotranspiration, groundwater
depletion, and surface water fluctuations. Despite the lower resolution of satellite data compared to ground observations, this
research provides valuable insights for water resource management, drought and flood risk planning, agricultural development,

and land-use planning at a national scale.

VEoF Lo -5A 5 e~ 03555 Jlw £V ol o5l it 5 o5l


http://jwmsei.ir/article-1-1191-fa.html

[ Downloaded from jwmsei.ir on 2026-02-03 ]

Keywords: Hydroclimate, Drought, Mann-Kendall, Discrete Wavelet Transform (DWT), Signal Processing

Article Type: Research Article

Acknowledgement

This research is in the form of a master’s thesis by the first author of the article and is financially supported by Tarbiat Modares
University. The authors also express their gratitude and appreciation to the Faculty of Natural Resources and Marine Sciences,

Tarbiat Modares Pardis Noor.

Conflicts of interest
The authors declare that there is no conflict of interest regarding the writing and publication of the contents and results of this

research.

Data Availability Statement
The data and results used in this research will be made available upon reasonable request and correspondence with the

corresponding author.

Authors’ contribution

Ali Nori: Data collection and preprocessing, computations, writing, drafting, and finalizing the manuscript.

Vahid Moosavi: Research idea, guidance, and supervision of the research process, result validation, data analysis, manuscript
editing, and revision.

Hamidreza Moradi Rekabdar Kolaei: Guidance on the research process, manuscript editing, and revision.

Citation: Nori A, moosvai V, MoradiRekabdarkolaei H. Temporal-spatial analysis of changes of some hydroclimatic components in Iran.

jwmseir 2025; 19 (68): 46-63

Iran-Watershed Management Science & Engineering, Year 2025, Vol 19, No 68, PP 46-63

o8

Publisher: Watershed Management Society of Iran © Author(s) [N~ By _nNC__|

VEoF Lo -5A 5 e~ 03555 Jlw £A ol o5l it 5 o5l


http://jwmsei.ir/article-1-1191-fa.html

[ Downloaded from jwmsei.ir on 2026-02-03 ]

Ol gl 30 (oalBlgyuud SBANG (B g Ol gkl SlCo— Jloj fulod

TSI (6310 Lo s BTG g sn dm s D5, 5 e
ISR ALEREE PSR S STRVI A R S AN AL ST PP R A JARVA 7SO RN IE
https://doi.org/10.22034/19.68.4

ol

S SYsb 5 s JlsSis laailis (gl o) 0l (ol andls (g iSTam Al ) eSS (ke 53 JSES Sl g, Sl laans s
035 Ol aalsl 53 el SRl 1 Wl 5o il B85 5 e (S5 093 S I gb )3 O b 4 g e sdalie (SUL Oy 2ol s
ol ingy adllas ) g0 alliie il e GRS )5 ol LI e o g S e SRS & gt s al SE s Sl b,
25 (0oL sWesls 1uul GLDAS (glo )l sale glacsls 5l eslinal b ;488 53 cadBlg ds sadd 5o Ol pods pw ) 5 shaiods .Conl O 5l 4S8
aslsl 43 .ad <3k, Google Earth Engine ol 5 dlw Yo (g bl 0,55 53 o ghS Y0 S5 oulde b sws) 5 ol 5 oebaw O (G0
A el WY a5 O 5 s5dake (emlidlen JLSis gl jasls s O 5 Ul (ol glaadle WK 25155 sl p
ST W 6‘-“°=‘f 25 Slos LS plals 5 Ky, Jhow sl e Ko fodd (S0 0 55 pizmed A4S b 428 !
=S sbla (:LJ 0 L& i onl S,L adlse gl als Sl JIaS— o0 $ g0l ol Ly, J.l;u CL" .Lj;)bs oslinul 5,40 el g
ol gl dilansls 528 sbla LI s ls a5 (alS Sl hd 5oL alS abay 75 il ie ple ol s g s i 5 (8l A,
IS Ol eis skasilis 48 Approximation uilS 3 Ky, sl Ol ) 4l Cilisee 6‘-“;‘-:13‘ 23 Sorge Jdow b b LSS Ky, s )
Sl ogb e 6\"‘(115‘ 5 oLl g SSI 4 SPI Lasls ;s sls Ol 56 Detail Luils 5 Xy, 5 c_\;‘; Syls alie ghiy; eSS (:L«S 35 Sl
58 Sl Suoms 5 fde ol mle ((SU5L ¢ 55 4 0150 OF b3 o fage 5145 sl 03 K Sl o b sl 51 kg
23 5SSl SLi Al ) 5 Sl 03 S Sl L patlE e b aslie 55 (el O e 53 Ok e 3 g0 o)L
S Cils il pr JLSit b Sl & s o (2STy 3y b 01 e 1, OF s 45 Al sdalie 0T Ky omb 5 YU sla uils 3
e ks (Kals 51 S0 pgdge cul 6 Cbls Y pshu 53 i Sl ol b DUl sl s3 sk JLSKis LS5 S b
ol (SEL 4 5428 e

dL'.i:.w &}‘bﬁ: ¢4.L.~m§ &?:‘,A Ji.l?? ‘J|.\.:S—y 5‘;\«“&&5 ‘&t,).k:h :lﬁbj‘s v\*lr

;;':"'“}j':’, AJLE.A st

s o ske Ol 3 pedilg s gaad e (o Dl ks Sm Loy Jldod Lo s SIS (6ol e cdm s (S g0 e (505 b U]
W=V WA 88005l gols ]
W amio W osled V8 055 Vit Jlo Ol )l sl dige 5 o 5ke

Q00

N>/ v _nc | a5 © Ol auls sl il 150

U‘Jﬂ‘ 4)).; uw).h C,.:.»JE aK.:lJ\: ‘M CL.A S IES s 46)‘)}:574} w&@.ﬂ) rjl& .L:a)\ wu)ls‘ﬁ;-}ai L;.J‘:—\
Email: v.moosavi@modares.ac.ir  :J s sdies 55 .01 5l () 55 ¢ pske s 5 oIS (anb &b 0 A1 (613 el g 03 S skl =Y
Qlﬂ‘ 4))3 LJHJV\J C,.:JJE eK.:LJ\: ‘M CL.A S IES s 46‘)‘5}357.31 w.’u.@.ﬂ a}Jg bl =Y

VEoF Lo -5A 5 e~ 03555 Jlw £ ol o5l it 5 o5l


http://jwmsei.ir/article-1-1191-fa.html

[ Downloaded from jwmsei.ir on 2026-02-03 ]

(e 4 (53355 A & e Sk e GYb 5 5aS 1]
O 5 e (S o) S dgb s nsd e SSAsAe
0 55 Ol 0l 0595 S 5l g bl L) Ll e Jonily
@)J‘ﬁ&ﬂgﬁtjﬁ@‘ﬁw‘ﬁtwéu@#)
Sl 5l Sde 51 e Gl SKae g 4Bl S e 5 ol 4dss
S Sty S S ey 515 e L
SYsb Sllag 058 jasie ode Ly s [YV] das
Olo sart S5 5 s o503 (SL5aodas bkl S
Sl e sl i, skt e 4 S o asiie | O
53 Sl 0 dld &) ies Lo g8 Wgy oy p S (20l LL
S e edls Jbo b w555 5l S 5 0350 (e (5204 o)
g S mesls e 5L g ekl Gla B, oS 5550 Sl
Cslon a.u(.f 5O ety 4 o 5 LS (5,0 Jbe g
J.Jj)u.a.:ér..i.?d\ﬁéjlabl.;uxjjéudfjiwj‘.x)|bd}q5
b ] cd b iyt Jls—e g, Sles slacs
5 LIS s sl 8 ol L5 ol WT) S5
LIS 4 o O oo ol s S8 Sl g slaesls
("Abé Ly oslie W85 5 Jley sl ulie 55 Caliss (gl 4
el Fieodimn 5 sl 8 Glaesls Ll 3 ega 5 LS e
b 5l Glased "DWT) 4 S50 Jold e 50 OLs
5 G613 s S Oy ot UL 0T 3 oS ol S 456
JESr 3313 1 ahesr 51 slatin 53 ooy onl Kpd o Jdos
508 Sl Gl Jow 5 s Bl desls (g5laes 28
Ly oo Gl DWT olil g ydes Slallas o5 53 [V] 51
50 sl 5 S5k slaesls 53 Sla g S Ll
bl aes s godaze Sldllas [Y] ol 4 515 eslan
Olgr b (poman 5 5308 3 JLSEs sy Ol oss L)
Sl U3 gty 53 V] O 5 3l ol o plonl
s laesls (JIs— 1o O 505l =l s S S g s
G 140) e 00 o5 55 dgde S g oSl 3 Lo g2
Ly aS sls plas @L”J Asls O3 s e s e (Y0
(et wlale) ol axdlles Jlojy gl lde aan 55 Loy Ol i5
et el I3 pme 5 Cote (Iee Doy s 4 Jsad 5 AV
5 et wlbale gl lie 55 LI s LGS 3w sl
esar o bl iz oS Jleg ki, sas WL YL
Sladhas Glos 55T aS oo B4 s S sy o
35 . Aigls ﬁ.x.(i 4 S Calld wlie sles o3y (glyls
SlSis 5 S ol [N 0Les 5ol S Jdass
L3S gy p oy 5 JIAS= e O 051 5l eslizad U1y 05 ozl

6. mann-kendall

7. Wavelet Transform

8. Discrete Wavelet Transform
9. Sen Test

VFoF o —FA 5 lons — o354 Jlw

-

o0

ol 53" ISt sl 55 ot glaans 5348 ey e Sl 0

olas 53 Ly 5 oty ol [T ] el il (5 ST 2 L5285
bl 3 OF Slssas 35 ) b Aas o ) erldl bl
Oler o slos (p:le hal33l [1F] ol sline il
b o S by (B s s Lok e el slaail 5o
Qodﬁjb«jb'-sjjQ\{ﬁﬁj),\j\jj&f\w\ASwlubﬁ:&J
3 S ST s a8 Ciliie o1l 4 5 L YY] s 5 G
SLSis ol ganas HJler b JLsis (o 03 u] Cb.«
s " (g3l olazl 55 SO s den (g5 laS T bl sa
35 Sedp by (JLSis il plail e 1] L
AEL anils ol jam 4y Ll g5 e 1y ety N J,\.'U aS 35l
5 CuaS Olge LoalS a5 e b LSt S sbay [YA]
5> S (65,558 SN peamme W) 5 RS (e 5 O kS
Sosmoml e Gl ol slaag e il o pd O b
a3k Il eges il 4 Shlls dps dS Slals
S S Gl Bl 4 e 5 [YE] (65,558 OV pmma sl
Sl s 2l ol 02 DYT L5205 olo|
2 e sl Mg o el (LSS L el
S Gble sl s Caenl Gl 535S (oolaBl anw
OF ¥l Sl o Sle 8 Ol da 51 Olgr Sistaas
iR ol mle Cupde s Lis ez e I sl ok culs
S Sl K8 51 AT 5 asls VUl el
ol g pdy s oL sl e 5 bee i Sl s
L] s o 51,8 Ol pde Slastl 55 age Dbl g oy i
A kel Olge 4 Gble 5l (ol 3 ad s slacl sl
Loy sl a4y S 5 53u5lES (s O S
e oS il gla zsw 0T Il g 1ea 5 OF ol ks [Ye]
Alolas calead fas s S5 g Jsl 51 (S w50
Lol s5i e 3T les (a5l 5 2oL o8 5 Olime 5 a3
Ode SV 5 s S glaailis sl o556l 5, ol
s s e sdalie SUL Olye RS 53 s blE 1 )
s Sler il a8 esls Ol Sladles 1 (g ks z s
Ll d slastiy 5 Sk S U3 mds Cr e ned e S
A 3 Sk Oke cpl s [N ] cdes JLSes
ol 6 el Ll s sl i) slaad e
w5 b s e 0 Ams o k5 5 DUl Ol 5 2108 30
53 el sl 5L Bl 5 (U550 laesls Ly Coanl 4
LS N3 sz 3s50 Xy 252 s 5 Dy 51508

1. Drought

2. Meteorological drought
3. Agricultural drought

4. Hydrological drought

5. Socio-economic drought

Ol ool (owsias 9 ool


http://jwmsei.ir/article-1-1191-fa.html

[ Downloaded from jwmsei.ir on 2026-02-03 ]

sy K a3l s bl iy L P L RG] JUvF L ST
ladks Lguw)ﬁ ) e u(..:m K w g ‘_;La oelde 3
2 Sleslsale glaesls (S 3 55 Ol sl Ly, romen TRNLY
33 Siass opl pled sy walS s aKal glaesls G

el Ko sl o5 b anlis

b 95 9 3l

anllans , goazlaze
bl Slamien 1345 Gl Ol )5 538 IS asllas 3, e ailate
Sl S dsb ar s WL e 5 Jld (o0 axn i LYO
07 6Los 5 OS5 Ol )l Ol 4 Jled 515 5l
b a e SOkl 5 0S4 G 5l (elS 1)
o fS JS s o Bl 5 aS 5w 5l s Sles gl 5 0l
O gy kS WV &S ol 0 05k VA0 0
S 3 e VPTG VESUNN I R S B PR-A slacl |,
Ol pl sl senl sBs 5ol ol 55 of (ks ATYE
abd sl ol il 53 glacds 5 0L L Sl S (65408
Sl w5 gUsl (o30S 5 e Y0 L sl o5 1552
odd e YA e byt sbgs 4 by e 5 5508 5s ol
Cusjluggtﬁug;.ﬂ\ Sistaas 5 Sl S Ol ol e s ol
U 5 g ol [Y0] lwzcb.ﬂ)'ljzﬂ\\‘u S e 0!
Slutiy nl € 5335 3 spmae ol 135 ol 5l S
3l melr Solans 5 48 5 s v b Bl add]

0 JSE) el Ol ) bl

93 PRl 9

O sy laesls danl js ol fags, (aL;-L}\ sl
Slesls 3l eslizul L. 54l Google Earth Engine oL
ShalaYe 6,00 s ¥l 3oL 4 by e slaesls CHIRPS®
sba Bl S YATY Jle sl B Y Y Jle sl
Jol aseme b Ll 05y =y Sl S &, glyls
SLSis o pde 5 a3l Dlallas (gl 5 aS ol (350 slaesls
O5SU (3% VAAY JLu sl laesls pl Sley o3l oS s > b
Lo 53 ok slaesls 550 baesls -l Ol e [YE] ool
GLDAS (sleesls 31 e .l GLDAS (glacsls 5 YooY
Db s Sk Cushy (s f mhae 4 b glaesls
AL 3l meskS YO ulds b Sles esss nes 3 el
Sl b O s LS il e ol ooy W3 2 5 o
30 i adlge Jlex opl pemmen ol 538 T sl
Ol il s (Sl S e (Ol &b ol 3l
Slasein (V) Jodr )b ki s sbag 8l 5 ol
sl axdllan sl glaesls 4 b gy e

8. Climate Hazards Group InfraRed Precipitation with Station data

VFoF o —FA 5 lons — o354 Jlw

0)

35 ol Ly anlas 5 g0 laelSainsl 53 oS sls OLL =l
S, 3 S J 5 5l s ad Sl e e
5 SUB 2l 55 (63 me Ly, Ao ;548 :L;:.olcb.ﬂ):«jﬁlb
Olsl SPI' JLSCis asls Wy, Lhass 5 55 VY] 0L
bl eys3 b JS—e 5 o sOsa5T L1 Oleiol
=50 5 O oy Ol ojlal olie s el wy m YHIV-Y440
Shols andlas 35 50 (glaolKansl 31 047 07 WO L Sa JIAS
(Al Sl 5 ol ol ing JLSis 2alS Slslas W,
oale 55 L1 Ol seile OV 3 5des sl 5 Jl= il ga
ool 3550 CANESM2 _asas 258 Jiu 5 RDI™ 5 SPEI'
RDI 4 ¢eed SPEI 2L ool s & zb Gab sy 18
s QLIS Wl e e JLSas ply Ly A1l g s 56
Uil Jle s b LSt o s Slls el sladle s

Ol sy baee g Ll amsls (gl Al 5
&gl L;bar:l}\ S 5o Ol pl 5528 &S 0 bl e 55 JOB
Sl Cunde 53l g5 S 2 sl Las e
ble s badlie pl Wy, slels L aslg o OblS el
et dinled s Ol o ke 5l (8 g laasl 528
DA 5 Bl D i bl il e aalllae ol b
S5l LAl (Sals Ko s 3 AEL Lo O e
Lokl Sl 5 St it s el e
A 3 U5 b mind s e O s Sl 4 e g
3y50 gl VL Gy o e sl ol el
Sl Sl s Je slaesls 51 s opl s aallas
ol A eslinel kS YO ulds b H(GLDAS) s
el Sl S Ll Ol huy S ie jiba Jae
Lo oot G S e s S 5 e BB e Ol $a)ls S
Lt ol V0] ol Bl ann i b (2 53 T
CLM, Mosaic, Noah and .} e e Sl 5l eslind
c]a.‘ sl 5 S cusby wile CE.A sl sl VIC
LS oo Gilwand 1) o gmime Sl S LS 5 s Al Lajla
el glaaddse Ol s g cpl Gl [Y4]
05030 5 GLDAS (slo,lgale glaesls 31 eslizal L 428 s
5 bl 5 Koo i RS 05 S e U
oS ol iash sl a8 il gla el S5
Sl s G (il JLSis (o arls Slls
S s S s Olejer oy p o Deledd ) Sees 2)

1. Standardized Precipitation Index

2. Standardized Precipitation Evapotranspiration Index
3. Regenerative drought index

4. Global Land Data Assimilation

5. GSFC

6. NOAA

7. NCEP

Ol ool (owsias 9 ool


http://jwmsei.ir/article-1-1191-fa.html

[ Downloaded from jwmsei.ir on 2026-02-03 ]

45°00"'E S0°00'E S5°00'E G0°00"E oo [aree
K .
40°0'0"N ’X 40°00"N
3500 W2 F35°0'0°N
B el ‘ e
aatil "'"'. ® a5 J~—
. 9
S I 1)) La
socponn] 27 S 30°00°N
B s Pt
T wsbyetes B woorws
o on (hol) 2 425 ju ] g
s5egpry] I wsbe s 500N moon ! - Lt 2500t
0 155 310 620 930 1240 — T e —
A5400"H SOP0"E S5400"E 60*00"E
aalas > X aahaio ﬁ.;;é 90 A JS..’A
Fig 1. Location of the study area
ol s s eslaial 5,50 glaesls Olasein ) Jga
Table 1. Characteristics of the data used in this study
o> ¢ S e by i A1 R S Y
data type Spatial scale Time scale unit Max Min parameter
X Yo 0 " 550
CHIRPS el 20T mm/PENTAD  1072/43 0 TR
25 KM days o precipitation
):A‘}lcho AJb'}) gslrfr_la«e@jb)
GLDAS 25 KM daily kg/m? 9/56 0/001389 Soil surface
moisture
Segks YO <3, G5y pd
GLDAS 25 KM daily kg/m?/s 0/00121  -0/02737  Evaporation and
transpiration
Fasks Yo Slis, o o o
GLDAS 25 KM daily mm 3599/01  77/0153 ~ Groundwater
level
oY

VF ¥ ko —FA o lows — 23590 Jlw

Ol Sl (owsiaen 9 ook


http://jwmsei.ir/article-1-1191-fa.html

[ Downloaded from jwmsei.ir on 2026-02-03 ]

L5 (6 S Gl ol VS/jQﬁ. slaesls 4y s s 5,
[ye]

Gl pite Sk 0o 5 p 5 e p ssRe 4 gdm 8
S g o3l Sy K g bl 3] ol e
s 5w Glp S a6 LS slal
a8 ks O g IS 4 Gy slags 5 LS
sdeeel Sloy slaosl o, e K 8, Oledbl &
s ) ol Oledbl W5l S 50 (LS o oy
LA&;_—;.«L;})@\ .mJ&JJ)M@ujdu&jb)J)J}bﬁ
be glsesls 5 ALK ) lp ol Slows L1l 4 I
350, AS e S Bl 5 (SSides Sl slags
S 35w G5 ey 03 ST Gl 1 e Sle o Sor e
Bl R0k sanls S5 cels S L Sl
S sl obs e Si Koo lilse Els s A8 e
a laosly wis 53 O QULS omen 5 la st 0y S R
Y] el Sl wlide s

G Jolow 5 sl Sras ol S S orl o
5 ks oy oskea s o 5 ke O (L
Uiy onl A eslimal Ciltie Sy slaebie > Slbleg
Sdedds 5 el S glakiy, 5 LS plubs o L5 e
sl oy i oS Daubechies > 5o lul 53 Y] ws SGS
ol S e Dl 3l b slaesls S sla S U 1y
el (WT) S 5o Lo ol o Slas 525 A5 Sl
VU 505 b Gl adbSow 53 Sl i Gasts Ol & 125
tesls Gl DWT) S S50 s [7] a8 0 SaS
ol eslinal Jol s Tl gl 5 B
S50 Sl e w2 Gl e ol (oS se 3 s S
S 45 Sl ol S e o e 31 eslanal Al sl
s ‘_S,.w Laosls Coale a1 o5 Conl (6551 2 o L8 Sl
Yo sla s s U WDWT 5 lacoaBse 5 b ulis
s YL 85 slaad) o avslws (I DWT ;5,38 0l 5,08
015 LDWT 55 o aslind o Slacs o il o153
sl Gl (0) daly &0

t—k”[osjo )

Yo ()= —WY :
() \/Eil ( so (0)

g e S K g ol s e S 0T 5
J.Mdaduibtuﬂwfso‘w&df;sbwf.‘Sw\
s ppmes D] Gl waz 5oy w0l T
ol B b Ciliis gl plulr 5 s ulids gl S s

1. Approximation
2. Detail

VFoF o —FA 5 lons — o354 Jlw

oY

slaesls MATLAB o siaal 3 O3 5l eslanal b day <=l§ 33
Sl o ekt Lad dlale Slos alide w05y, 0 5 &5,
oo TrYY Jle lgnl ole B YooY Jle glawl ole 51 ENVI
TR 6)‘-l§p-"
ol sdos laad fo Dl k5 Lg sy oy 2 Sl AR5 00l 02
Oya3l opl o eslizal JINS= e (g bl O30 51 528 a3
Sl Glresls s u,:f;l...a el pde 5 L, el ol
Loy 3y bae & 3 Hy (23 5 adll sy Sls (5 e
Sy gots JIS= e ol Gley S 53 Jsp L osme

S=yn Xi=k+1 Sgn(xj - xk) )

(AL Yv g opl 53) (6 Sldalin sluas sdasplion &S
lg. CaMe CU (J>k) Ll S f‘k B 6\‘] 6Lhe.>1.> ij Xj B
[a] ol ailoes LB (V) ol T 4 sgn

+1 if(xj'_xk) >0
sgn(x) =40 if (x]- - xk) =0 (Y)
_1 if(.xj_xk) <0

G

. nn—1)2n+05)
VES) =—| < )
18]|— t(t, — 1)(2t, +5)
; k\*k k

el by (6 55 6,5 slie (sla sl S slsst) Ol ys a8
é)Lw.))‘.«\Jt.w\ L&;».w‘ Yo )l J”g)f 4.!)4)4 b)‘..«b‘ 45‘53)‘).6 L
VA‘-P b Q‘}AJTZ 65)&? c(i) 64.]0.:\) L> L}"Uﬂ‘ S LSeJLGI CeMe

S—1 Y
2T ifs>0 <
JVar (S)
z.=10 ifs=0
S+1
ifS<0 ®)

\JVar )
SXs5 Z i sldde tas e 0L |y Wy g Z e
S Hlas dns o DL 1y Al 53l 5, OF e Sl 5 2alS

s HD Lo (55 5558 0 5, jiw 453 |ZSPZ1-a/2
ot 51 Z1-a/2 s aal g a0y abe>De B Ly, S 55 g
S A0 Slabl a3 LT e Css skl Jlo =5
ST 0babl mlaws 53 5 VAT 51 VL Z Gllas 505 5l
Sl a a5 b gl 3y jio aus b (L |ZS[>2.576
Ol S G Jb b s S aesls s 5L ) 0l D5

Ol ool (owsias 9 ool


http://jwmsei.ir/article-1-1191-fa.html

[ Downloaded from jwmsei.ir on 2026-02-03 ]

45°0'0"E 50°0'0"E 55°0'0"E 60°0'0"E
1 1 1 1

40°0'0"N
1

Losal
® g
O gy o

35°0'0"N

@ b gl
O gt gials
Q bougmreyt plli¥
Q P gtnyd gl
35 Q- PR TR 50
0 255 510

s

30°0'0"N

1 1 Ll
0°0'0"E  45°0'0"E  50°0'0"E  55°0'0"E

60°0'0"E

]

45°0'0"E  50°0'0"E  55°0'0"E  60°0'0"E z

1 1 1 1 £

f k=

S

<

N z

=

Ll B

B e “

O sy opn

& e sl z

O Mgl -<

@ Pgmrard Sl "’%
Q Pt il

5 ssssassi S z

'.) 255 Sll() < -:=

T T T §

45°0'0"E 50°0'0"E 55°0'0"E 60°0'0"E N

ASYLG (A..J)j alale (J‘) C)J‘,«G 44. dLﬂ Yo 6}‘{)5 )_,‘:S U;)L-’ Q‘ﬂ?"? -U}) Y JQ
Fig 2. The trend of changes in precipitation in the country over a 20-year period (a) monthly and (b) annually
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Fig 3. The trend of changes in evapotranspiration in the country over a 20-year period (a) monthly and (b) annually
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Fig 4. The trend of changes in soil moisture in the country over a 20-year period (a) monthly and (b) annually.
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Fig 5. The trend of changes in the country’s groundwater over a 20-year period (a) monthly and (b) annually.
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Fig 7. Results of the hydrological drought trend in Iranian climates
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