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Abstract

This study investigates the effects of drought on informal employment in rural areas of Zanjan Province
between 2006 and 2021. Adopting a quantitative approach and employing pseudo-panel data, the research
analyzes the economic, social, and environmental factors shaping informal employment. The statistical
population comprised employed individuals aged 15 to 64 in rural households with at least one member
engaged in informal work without social insurance coverage. A sample of 1,400 households was selected
using random cluster sampling across mountainous, plain, and foothill/valley regions. Data sources included
the Household Expenditure and Income Survey of the Statistical Center of Iran, reports from the Agricultural
Jihad Organization and the Governor’s Office, and meteorological records from Zanjan. Informal
employment was treated as a binary dependent variable (1 = informal, 0 = formal), while drought—the main
independent variable—was measured using the Standardized Precipitation Evapotranspiration Index (SPEI).
Logistic regression and the Baron and Kenny mediation framework were applied to assess the effects of
drought, as well as the interaction of gender, education, and migration. Results revealed that 68% of the
employed rural population were engaged in informal work. Model estimates indicated that drought ( = 0.55,
p <0.001), migration (f = 0.65, p < 0.01), and engagement in agricultural or livestock activities (B = 0.45, p
< 0.05) significantly increased the likelihood of informal employment. In contrast, household income ( = —
0.0003, p < 0.05), education (B = —0.14, p < 0.01), and infrastructure development (p = —0.18, p < 0.01)
reduced this likelihood. These findings highlight the need for integrated policy interventions emphasizing
water resource management, educational investment, and rural infrastructure development to mitigate
vulnerability to drought, reduce dependence on informal employment, and support sustainable livelihoods.
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Extended Abstract

Introduction

Drought, widely recognized as one of the most severe and economically disruptive climatic hazards, exerts
profound impacts on rural communities (36, 37). It disrupts agricultural production through reduced
rainfall and water availability, leading to livestock losses and threatening food security systems (33). In
arid and semi-arid regions, recurrent droughts have rendered rain-fed agriculture increasingly
unsustainable, directly undermining rural livelihoods (31). The drying of rivers and reservoirs has further
constrained access to water for both domestic and agricultural purposes, thereby lowering overall quality
of life (34). The economic repercussions of drought extend well beyond agriculture, intensifying poverty
and unemployment (2). The magnitude of these impacts depends on drought frequency, the vulnerability
of affected populations, and their adaptive capacity, underscoring the importance of understanding these
dynamics for effective policy formulation (27). Human activities have also exacerbated drought’s
influence, amplifying its adverse effects on ecosystems and livelihoods worldwide (9, 42). Historically,
droughts have shaped the trajectory of civilizations and continue to play a pivotal role in economic
systems, particularly in agriculture (43). By reducing agricultural resources, drought compels many rural
residents to shift toward occupations such as seasonal wage labor, self-employment, and handicrafts (25).
In this context, informal employment emerges as a coping mechanism in response to the scarcity of formal
job opportunities in rural settings. Informal employment, which lacks legal recognition and social
protection, accounts for roughly 60% of global jobs and provides livelihoods for more than two billion
people (21). While it often serves as a survival strategy, informal employment is typically associated with
instability, low wages, and job insecurity, thereby worsening inequalities and reducing quality of life (7).
It is generally defined as work lacking legal or social protections and characterized by precarious working
conditions (2). This category includes jobs in small enterprises, self-employment, and domestic services
that fall outside formal regulatory frameworks (11). Despite its vulnerabilities, the concept of informal
employment is multifaceted and not exclusively negative. In certain contexts, it may foster
entrepreneurship and resilience. For example, in post-socialist Moscow, informal self-employment
contributed to the development of entrepreneurial activity (49). Zanjan Province, with its semi-arid climate
and diverse topography—including mountainous districts such as Tarom and Mahneshan and plains such
as Abhar and Khodabandeh—offers a valuable case for examining drought’s implications for rural
economies. The province’s rural economy depends heavily on traditional agriculture and livestock, yet
recurrent droughts, particularly between 2006 and 2021, with severity indices ranging from —0.9 to -1.2,
have substantially reduced agricultural output and placed rural livelihoods at significant risk.

Material and Methods

This study investigated the impact of drought on informal employment in rural areas of Zanjan Province
(Fig. 1) during 2006-2021. Given the province’s strong reliance on traditional agriculture and livestock
and its vulnerability to climatic shocks such as drought, a quantitative approach based on pseudo-panel
data was adopted to analyze the relationships between drought, household income reduction as a mediating
variable, and informal employment. The dependent variable, informal employment, was operationalized as
a binary indicator: 1 for informal workers without social insurance and 0 for formal workers. Following
the International Labour Organization’s definition (15), this variable was derived using the social
insurance deprivation index from the Household Expenditure and Income Survey of the Statistical Center
of Iran. Informal workers were defined as those engaged in activities such as traditional agriculture,
livestock, handicrafts, or seasonal labor, lacking legal or social protection. The main independent variable,
drought, was measured using the Standardized Precipitation Evapotranspiration Index (SPEI) at a 12-
month scale. SPEI values were computed from daily precipitation and temperature records obtained from
Zanjan’s meteorological stations for the period 2006-2021. Potential evapotranspiration was estimated
using the Penman—Monteith method. The calculated SPEI values ranged from —1.8 to 0.4, reflecting dry
conditions in most of the years under study. SPEI was selected due to its capacity to integrate both
precipitation and evapotranspiration, thereby providing a robust measure of drought intensity and duration
(44).

Results
Analysis of pseudo-panel data from 1,400 rural households in Zanjan Province (2006-2021) using a
logistic regression model revealed that economic, social, and environmental factors significantly shaped
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informal employment patterns. Household income (f = —0.0003, p = 0.02) and education (p = -0.14, p =
0.01) were negatively associated with informal employment, indicating that higher income and education
levels reduced the likelihood of participation in informal jobs (Tables 1 and 2). The extended logistic
regression model with interaction terms provided deeper insights into the determinants of informal
employment. The interaction between gender and education (f = —0.10, p = 0.01) showed that education
exerted a stronger effect in reducing informal employment among women than men, lowering the
probability of informal employment by an additional 10% (Table 3). Similarly, the interaction between
drought and migration (f = 0.30, p = 0.02) highlighted that drought conditions intensified the likelihood of
migration, which in turn increased reliance on informal employment. The temporal analysis (Table 4)
demonstrated that informal employment among rural households rose from 62% in 2011 to a peak of 72%
in 2018, before declining to 67% in 2021. This pattern closely followed drought severity trends, with the
index dropping from —0.7 in 2011 to —1.2 in 2016, then improving to —0.6 in 2021. These results suggest
that worsening drought conditions during the mid-2010s contributed to higher rates of informal
employment, as reduced agricultural water resources compelled individuals to shift toward seasonal labor
and other informal activities (Table 4, Fig. 2). Spatial analysis (Table 5, Fig. 3) further revealed that
mountainous areas exhibited the highest levels of informal employment, while plains and foothill/valley
regions recorded lower rates. The peak of informal employment in 2018 coincided with a drought severity
index of —0.9, underscoring the disproportionate vulnerability of mountainous regions, where limited
infrastructure and reliance on traditional agriculture intensified the dependence on informal work.

Conclusions

This study demonstrated that drought in rural areas of Zanjan Province undermines the agriculture-based
economy by reducing water resources, thereby pushing individuals toward unstable informal employment.
Economic factors such as household income, social factors such as education, and the availability of rural
infrastructure were found to reduce reliance on informal work, whereas migration and dependence on
traditional agriculture exacerbated it. Gendered patterns also emerged: women with higher levels of
education were significantly less likely to participate in informal employment, underscoring the
importance of targeted educational policies. Spatially, mountainous regions exhibited greater vulnerability
due to infrastructural constraints and their stronger reliance on traditional agricultural livelihoods. These
findings highlight the necessity of integrated policy interventions. Sustainable water resource
management—particularly through the adoption of modern irrigation systems and the development of
local reservoirs—is critical for reducing drought vulnerability. Enhancing education, with a particular
focus on women, alongside the expansion of both digital and physical infrastructure, can diversify rural
economies and decrease dependence on informal jobs. Such measures not only strengthen community
resilience against climatic shocks but also improve quality of life and contribute to long-term sustainable
rural development. Nevertheless, the study faced certain limitations, including reliance on the social
insurance indicator for defining informal employment and limited control over inflationary effects. Future
research should incorporate longitudinal datasets and more comprehensive multivariate models to provide
a deeper understanding of the complex dynamics linking drought, rural economies, and informal
employment. For policymakers, the results emphasize the importance of promoting economic
diversification and addressing infrastructural disparities between mountainous and plain regions to
reinforce sustainable rural livelihoods.
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Fig 1. Geographical location of Zanjan Province
Table 1. Descriptive Statistics of Research Variables
; : Mean/ Standard - .
Variable Indicator Percentage Deviation Minimum  Maximum
Informal . _ _ 0 )
Employment Status Binary (1=Informal, 0=Formal) 68% Informal 0 1
Household Income Monthly Income (Thousand IRR) 3,800 1,300 1,200 8,500
Education Years of Education 6/8 3/4 0 16
Gender Binary (1=Male, 0=Female) 62% Male - 0 1
Age Years (15-64) 37/5 11 15 64
Migration Binary (1=Migrant, 0=Non-Migrant) 28% Migrant - 0 1
Rural Infrastructure  Access Score (0-10) 4/5 1/9 1 9
Marital Status Binary (1=Married, 0=Single) 72% Married - 0 1
Drought Drought Severity Index (SPEI, -2 to 2) -0/9 0/6 -1/8 0/4
Household Size Number of Household Members 4/2 1/5 2 9
Distance from City Kilometers to County Center 22 14 5 55
Type of Economic Binary (1=Agriculture/Livestock, 62% 0 1
Activity 0=Services and Industry) Agriculture/Livestock
Table 2. Logistic Regression Results for Determinants of Informal Employment
Variable Coefficient (B) Standard Error Significance Level (p-value) Odds Ratio

Household Income -0/0003 0/0001 0/02 0/9997
Education -0/14 0/05 0/01 0/87
Gender (Male=1) 0/50 0/22 0/02 1/65
Age -0/04 0/01 0/01 0/96
Migration (Migrant=1) 0/65 0/26 0/01 1/91
Rural Infrastructure -0/18 0/06 0/01 0/84
Marital Status (Married=1) -0/35 0/19 0/07 0/70
Drought 0/55 0/16 0/00 1/73
Household Size 0/12 0/07 0/08 1/13
Distance from City 0/03 0/01 0/04 1/03
Type of Economic Activity 0/45 0/21 0/03 1/57
Constant 1/60 0/52 0/00 -
Pseudo R? 0/30 - - -
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Table 3. Interaction Effects in the Logistic Regression Model

Variable Coefficient () Standard Error Significance Level (p-value) Odds Ratio

Gender x Education -0/10 0/04 0/01 0/90
Drought x Migration 0/30 0/12 0/02 1/35
Drought x Type of Economic Activity 0/35 0/14 0/01 1/42
Household Income -0/0002 0/0001 0/03 0/9998
Education -0/12 0/05 0/02 0/89
Gender (Male=1) 0/48 0/23 0/03 1/62
Age -0/03 0/01 0/01 0/97
Migration (Migrant=1) 0/60 0/25 0/02 1/82
Rural Infrastructure -0/16 0/06 0/01 0/85
Marital Status (Married=1) -0/32 0/20 0/09 0/73
Drought 0/50 0/17 0/00 1/65
Household Size 0/11 0/07 0/10 1/12
Distance from City 0/02 0/01 0/05 1/02
Type of Economic Activity 0/42 0/22 0/04 1/52
Constant 1/55 0/53 0/00 -
Pseudo R? 0/32 - - -

Table 4. Temporal Trends of Informal Employment and Drought Index (2006—-2021)

Year Informal Employment (%) Drought Index (SPEI)
2006 60 -0/6
2007 61 -0/7
2008 62 -0/8
2009 63 -0/9
2010 62 -0/8
2011 62 -0/7
2012 63 -0/8
2013 65 -0/9
2014 66 -1/0
2015 68 -1/1
2016 70 -1/2
2017 71 -1/0
2018 72 -0/9
2019 70 -0/8
2020 68 -0/7
2021 67 -0/6

Table 5. Share of Informal Employment by Geographical Regions

Year Mountainous Regions (%) Plain Regions (%) Foothill and Valley Regions (%)
2006 68 63 53
2007 69 64 54
2008 70 65 55
2009 71 66 56
2010 70 65 55
2011 70 65 55
2012 71 66 56
2013 72 67 58
2014 73 68 59
2015 75 70 60
2016 77 72 62
2017 76 71 61
2018 78 73 63
2019 76 71 61
2020 74 69 60
2021 73 68 59




86

Journal of Desert Management, Vol. 13, No. 2, Summer 2025, pp 81-100

90
80
7
6
5
4
3
2
1

O O O O O O O o

74
72
70
68
66
64
62
60
58
56
54

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
® Mountainous Regions (%) m Plain Regions (%) = Foothill and Valley Regions (%)

Fig 2. Temporal Trends of Informal Employment and Drought Index (SPEI)

—o— Informal Employment (%) = Drought Index (SPEI)

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Fig 3. Informal Employment Across Geographical Areas

2021



ULl Cypan aguii oy Vay
Www.isadmc.ir

Ot Pk Bblie JSTS 5 o e gale Ganl

ol pbwl (pbuwgy (2195 50 (oowy b JUd] p Jlusls 50 Juli

Al s (los ol8zils « Sladl pole ouSizils Ll 09,5 .\
mcheraghi@znu.ac.ir : Jstus oaius s

VEoE oS 1oY iy gl VFR/eRIYD sl o g,
@ doi.org/10.22034/jdmal.2025.2066062.1507

R

0,8 ek 1) ay et JUS 1 5o amecions 5 colaiz qoolazdl Lolse « blach sloesls ) eslitul 5 oS 55,53, b Lidsh
o 030yt il 4 o] gl g 5y JBlas oS el ol olims, o>lys 50 alle SF B0 pulils Lels g L] ansls
lmosls . aloxil (glo ol _25Saly ¢ b oSS ghlie 51 lils Ve v omm L bolas (gladigs gty (6 S higes ol Jgiino el
e Wd (6 ylaer ol wlidlsn loools 5 g il «s3,5liS sloz ol ol Sl 35 e sla gl ol o 5 aisze ok
sl ko s ol i sams e Jeliio 1o (yuléls T8A o5 ols Lt laaidly st a5 yrls § St Cprizmad § EDlass
oY Gl e g 5 =/ Y oo b aelye a5 Il o wias o Gialidl | cenwy e Jlisl Jleisl /oY 6)ls e mhaws g +/F0
)J@L..a u.:‘ N u@lf ‘) UT RN 6)‘06Lga C_Ia..uﬁ—‘/\/\ u._:’)o L: Lbu?L..J).))j LR Lg)‘.)ks.’um @&uj—’/\\c wﬁbum

by JBs o by, ol o Jawse ol bl qoaldl yoais gaadS (5851

Ao oyl 4 sl

MV YY) bl e ol bl olies, Sl s semppe Jumdl , JlSes b Lbw O0FF) oage uéls
DOI: 10.22034/jdmal.2025.2066062.1507

This work is licensed under a Creative Commons Attribution 4.0 International License.


http://www.isadmc.ir/
https://doi.org/10.22034/jdmal.2025.2066062.1507
https://doi.org/10.22034/jdmal.2025.2066062.1507

A

e JES yy S 56 Julow

5 anelr oSl (g LI &S Az Lo S o
oRlP lp S e w5 el cale>
(F) csl (53558 (pliwg; Glacumazr )0 55l

@ 1) ol (glas mle als L (Jlsas
Soglie g Juiilogs (lad 6,515 asle Jelis
oy JUsdl o (al S iz 0 (V) wes oo B9
bl ;5 (oo oo p 2900 a4 (Feuly (lyeas
W a8 bl gy ol ol 00,554l b,
Jelie 5175+ sgum il geloizl 5 gl slacylax
A5 05k 90 5l G sl 5w JSAS ) Sl
ai o o Jelie ol (V) Coslos S waly Lid Cas b
(bl Jdo 4 S oo Jos iy 1l plgrea
) S8 CehsS ((Iid ol pae 5 ol gt
JGzal (V) aisS e st | bags b 5 ool ials
W a5 S5bige iy ) plyreas Vgens coms el
SNLL G bald by el GgB edd 5 coles
2 by Jlasl g ol (Y) ssde Laseie
col S Sloas 5 Jizilogs «SasS slocs
OV Gl 18 ey Slyie oz jlz 5l g5 &S
el (Zediz g odZmy (cew) . JURS porde
ons s leinl g lails cdled g Ll ax 51
Jle sl abl ails 50 cude Ol Wlgs o 05 o0
bt el Ohed Sl G S 5o
(FA) 5,5 SaS 0 81,5 dnngs 4y (comsy put

ssbay aldbgls,e g alldbgls Jltdl im0
wad oo olis 1) (A (nl g9 45 000 2929 Glojea
58> sl oz slassly owsy cnl (Jl I L (VA
5 )b slazl plrudl 5 (golall arwg (oS,
Caonsy a0 |y o] 95 a5 caol Slacalow aiejls
ile o il b el Sliws, bl (F9) awlisy
besloy) 5§ woges Olods a4 sgaome (g ywd
X)) WS e e 1) ams, Jélie slyl 45 wilazlga
0ols Lial3dl 1) oyt ooy Lylid cpl TV
SaigiSIl s 5 o oladl dawsi
Lol Ll oo Sobnl guanr glaces b aliws,
@5olS 53 (F0) G Lislyod o, sloybisle

oy Sl Ghptens b g pB a0l

dodio W
OGS s sl (S plsear Jlsas
2 iee Sl cgalaml a5l sl ol bl
b odsdy ol (85 TV) ol 00,5 ooyl iy, auls
a1y 5,518 Sl ool i 5 (Sl eals
N 1) @l Slaptues g 03 p o Sl bapls w0s S
©gliS St ang 5 Kt 3blie 4o (FF) WS
s ond glis Jnd ,Se sl JLSis s a4 s
OobaSas (YY) ool oaus o] Lo_..w Cdizo
5 B Bilae sl ol 4 g iws daa 5 laailsog,
G T, (SN CadeS g 00,5 dgame |y (55,58
Il Jlsas golaznl 5b () ol
(NS oo wais 1) ) 5 ;8 5 Cwl (5,0la8
Srdcuw! (JlSis Jlgls 4 ol 5b ol oo
ol Sy0 a8 0ls (S )] 5,55k byl 5 pals>
ol V) el 55,0 S5 ()08 sl (sl Lasls,
o pinnnssST 52 5 Cansl Sl slocedlad 5B 5 oasay
Jsb 5 (A TY) )38 o 5l Sl mhaw )3 Sudeno
2 olzen 5 4l 5b lapaas b JLSas )l
(FY) Wyls gads pd (g5,0liS ohgds dolazil
5 ol Sl i ol b amlhanag slssiS
SaS il jmals @ beslo,) o 6 liSale
G olpl sl aawy J o slaygas Ll ales S
Shld plp 50 9 wlatdly ooy e ol
e g Loo Eol33l b (YO FY) W iyl goladl
il o JLSis 3 5 S 3g,0m Ml
g 2l Canse Glp O B8 gl &S (M) wb
ol JLSas (VY YA ool syap0 5 pslesS
5 S Cush) S Lg o)ls (pbing, slasdl  ies
oRelS 1y ylasls g (5yelas ladg Ol ol
I oS s S Ol e malS (Ye) amo e
5 188 09 lye 58, (5l DY gare g rals
VY Fe) o)l Jis a1y olde olge cad i3l
FB JlSaz ply 5o ol slepis spdic]
o S 50 9 Sles (6700 55 45 (5 )sb 4 (el g
bug olz o eddcdly, sble lz 4w b
slgpliwl ((OVF) osd oo ool ooy JSis



Yoo GAY Olxbio VFeF bl (090 8 lowd (o3 Jlu ¢y bl S e dy gl A

3 ohgds ), S sla Jlslis Ll cewl aly (5 lasls
O GleSies Sal asls L VE e YAD gle L
Coignn g 03ls 2l 1) (53,5058 Sladgs /A b -V/Y
boolren i cnl cowlos S wags 1) (labiws,
ool 4 s s wibe o le )y lacgsgaow
Jesl 4 S (gliwass bl o coypnl o
el ooy ulidl 1y g Lad (6,515 ol cowsy e
Jussl p sz 5B oo ol Gagsy San
5 oy ol Jhals Glp ole)Sal, b casl o) e

aslllao 5 yg0 diilio
Slaides o olpl O o6 el o ol ol
G YooYy’ 5 oo Jsb FA°VS" b FYOY .S bl
Rl ol Sy g el sad &8ly Il o,e YV
g ondu VAl i A lle sl cpl il s
shls obl AYF wlaxs opl 5l aS cusl gobl VY-
olwl Cowyaiie Al 1 B oas g s
2 g 2 Jled @ plal S Jlail anpes Gl
VYPEYTE Gl csand,son VYA Jlo jo .ol a8
Jolis oyly lewl sl liw ol .l 009y Camoz &
LuL?U) suLM...:ol.A “b)uo ‘).e‘." ‘0)0‘9)5 ‘O».\.«.:‘».\} QL-MJ)%

gy g olgo
r JuSis b eyp Sual ol gk
b ol ol oy, (>l 50 (comy e Sl
b oars bl sad all 1Fe- b AYAD (gla L
S $alS A by (bl sladdl YL (Sols
ol sl Sl o QT ‘_g).’d.awi 5 S laels o
sloools 3l eslitul b oS (63,505, 3l ¢ JLSis asile
(FLSis G odzmn Lails, U oS oo oy Blans
Jedl 5 (ol paie (lgiea gl delye hals

ol 009 JeSe caimolis a5 asleads cauiie 0
5 slalas wile lalSl OY FY) el b i
i Lol oS i | oy il aiilys oo ST
O ) o)ls gulS a5 pliges (com) o

g S ool ) Bl ol (otmgl sloaring
$ileS hnd b wad JlSas (ogix gl B
S gt Sl Gaas 1) Glabivy; s
(YN) Ceslon,S sl e oy pé Jlzal als3l alox
o Jlsas a5 wlesls lis b puyy el o
S ) oy Jlidl 25 Gl 5 (L
5 ozl by (w0 (0F) ol onils, 45
il a1, olil (JlSis 5l ab ol
slesluyny 0g (B0) culos,S Colod o) e
Sogl 1) W)l 8 ey Sl aile Jlems
1 ol asls oo edeams 5 bailly a5 b s S
VA-WgsS wile golaidl slaSes (VA) was als
SgaaS (VF) wilosls ioldl 1) canoy e Jail 55
Jelio a1y gl by Gln ohsa pass
CoaSl> CuaS () r) Culos )T dgasme ey e
o Cemiz g o w8l (Sexex Jelge g (o
al aber I Gl glaay e (V8 F)( S5
by oyt Jmil 4 ) I (55 Shile &5 (g5l
— by, GBS &S (ot ST wla wes e
(S pllas g (Swly 4l il oo Jole 1) 602
g Wlo g cdmozugy |y 2 G Sk, A
G S gl (2lE @S Bur 4l
(V0) ws oo peaisi | sduay ol el 05T )2l
on3 by (o pleieds G (olieg; (cem) e olal
03,5 ho Wy gll 4]y Jlndlsgs a5 05l oo
(YA) 8,15 gogame (5 )lly vz p»

g5 9 Sides ol Lo ol b
otidole 5 o)l wiile (GliwasS bl Jolo S Sg98
lp suls bl 51 (o w0y0p 5 g ol wiile (b
g, (>l oladl p JLses Slsb o)) p
9 SH 65,9l 4 Dby (o (ol slaidl ol



q.

e JES yy S 56 Julow

47'[30'

=3
80 Km o2
in

| A

a7%30°

4k

b

48%30"

Ol ) il (Ll i ConBgo ) B

(59 oo 1y yoes
5ol gl selys rals Jols 5o il i
gl dilale sl )0 4 dtwge jurie & jgods o JuSis
g ainye b glaeols 5l paie bl ey e 4
Bl il Glgieds g eod gzl gl sl
5 ilaS wlady jiels L JlSis 5 oad
a5 sa o malS 1) Sling, slalgls sl s (g lawls
B oy Jelivo G 4y | 01,8l 095 g
sl ls jo gl sl awlio b aele pals aes
sl jo aale Sle 4 Cans JlSis
g0 Al FF B0 lils Jols s bl axl>
(§loals ¢ st (55,9l aiile gow ) e Jelice yo Lyl
GrSdiges Cuwl Jorio Jad 6,55 L swomlo
Sl VFee Blas aoe b Bolay gladiss & g0
5 AL s linsS bl &5 b ol
‘;MLOJ )‘ QLMJQ‘ ‘_g‘).g AR 0 w}: ‘) (_g‘o)o

Gygods gomy e Jrdl Jold atudly e

olels Gl VS ATl end 29999
ool sl e oS (eletal e (g (som) S
S Hellom gloslo i pas ol ool (o)
Slodon I Cangye alh Sl eslitul Loy (V0)
S la)lgils aalye 5 ane oib slaools I elozx
Jolss somoy et el sl oo glysenl ol Ll
(s SpsleS wiile alaeoled Lo a5 s ol
20 5 Wl Jgaiee (Jad 6,55 L o gmsmlio )l
Jone joste ten slaizlaen b So6 slacoles
ok ead o yluliul asls b oSl JLSis 5
ool 65 oyl dnle VY ulde 45 G,e g yetes
los g o)L ooy sl eolaiwl b asls pl .ol
ok lp obe oll owlilss laollowl s,
b oogill (3,05 5 jeded b drloes VEe -V YAD il
SPEI polie g oud 005 (peedd Sulige- el b3
50 S Loyl Ll oaio Lis a5 00g puxie /T U -V/A )
Golexe Slsieas SPEI .ol anlllae 5,50 sla Jlus ST
JlSis Soe s cad gileeS @l o it
5 ol Sl eeS 5 alls Ly el sud ool

! Standardized Precipitation Evapotranspiration Index



Yoo GAY Olxbio VFeF bl (090 8 lowd (o3 Jlu ¢y bl S e dy gl 9

arls  cwl el Samomesy  oamsylis
R J3lay ,o SPEI atws jl oolizul L JlSes
ases Stata l38le 5 b s bl slo Judos g o s lasten!
Woosls g Saules 5l olimebsl (gl 28,5 sl 1V
il ddhie ;o oliug, Curex ojlul Lulul 4
WSS (B39
Jesl gloj slaaiy, Juloo el L ass slaosls
ob o1, JSis wads b ol bls,l g oy
er &l VIF Y cgesl ais S aald VFe o1 YAD
O py VIF polie 5 ol 12l bysse oy 6&9@
ST ML JLne w39y o pa JSie S odimslis
b Joe s oolitl Joe (5jln b)) lp R2 ach
e RZas o ADe by AIC Jude L lite &l
s g APl AIC Jlade b 4l Jow 4 cons < ITY

ols ulMJ 6‘)‘.@.’ u‘"’)‘)" AR ).g‘).g R2

gl m

Sl 25 50 4 )lSs Ohgoa b pitte arogs sloaiily
Jelive &y aigod yo Al $F 110 1 lels 51 /PA 155 o
S J o og Jerie sloizl don WU po) e
Sl Sl axiily Cdlad o, Jélie o 7YY
sekes VY Jlore Lol b log (ypekon YA gl ailale
oS oy Jlo SN e glals 5uSilo 05 Sloss
ol gliwg; @bl )5 Joaxd o5 gl oaimslis
YVIO s il 5 Wogs o) VA 5 550 (yalils 18Y
5 wog had zlps laas o3 YA ws 5 b
g odlx aile oliwg; locdlun; 4 (owytws Ll
Jolie kel TYY g Ve 51 F10 uSles sl &6 2
Sl ]y A Sl JLSas cud asls o sy
sl s i Sis Lls )l Sboas ob
YYKM 05 5l alold .Sl o, FIY gl ojlusl 1 Sileo
ilie s gl g ,sliS lacalad ,o ulélss 5 o
(O Jgoz) wogy Jodo (S il

5 obimg, Sl Ve blas closls Julow
Sz Joo L VEe BAYAD Lo 5 ol ol

L Variance Inflation Factor

(5.’.&-‘*’5) Coro> o)"d.i‘ L}»Lw‘ > ooty SR0y)9 diged
Ll S50 Giladp ol g aldliz adhie o
2 odbiin pa5 (Glaoy Seo) Slajsme5 0l plxil ()]
il ddhic g Gifope Camim e eldl
Jelos el sloys g 2eSL (s SluasS
20,5 ol 8 1) ey slass,

sloalls 6)5—‘&“?’ 2 égl.‘uc 51 osls

10l slel 35 50 o lgils ol yo g 430 25k o
OY) olazsl

9 Ginles sk plile  glagsls e
U‘A.Jy ey Jay).o LSLQ°‘>‘° 6‘).3 ol?p;} ‘S)L\Jla.w‘
4 gy giliwgy GlacSla g 5 (65laels 55 5las
OY) ol g ool

dwbxe gl il Gliaw! wllblgn srosls o
alye, les g o,b sleosls 5l eolaxw! L SPEI azLi

Og S 5 Jae 1 Bb as glaesls Jd=s glp
Juasl aily e lpy ol eolatwl S
lpd ol Bl Jao (nl g Sl (29990 (somy e
Hloin $lp aS oo pol B 1) Gl s )50
dos 5,50, 5l gl skl rals il
Jolis as” ol eolaiul (F+) Kenny ¢ Baron s ,5 ~ls

JGzsl 2 (SPED) JLsis e 51 o))

gl sl yo jrals 5 JlSas Sy p Y
oy Jadl p gl sl el Bl ) n ¥
et Mie 0151 b Stcnd Jao JLSa5 S5
Sl ozl 5 JSis 5 (DMaxs 5 S
o Cagn Jae b 2l al) glo S Jolos
Gl Jes a Lol 12l mls plSovinl ) s
S @mls g n bl o Siead Joo e

Jlite 3L oY Jae RZ ad mad 358



ay

o JURST g JUeSiis 5T o

Jesl o Saorn meoy 0 bl olfl coeal

@lgy gl VFee 50 pon) e Jlndl Sloj W)
Oels doys a5 wes o L ¥ Jgas jo ol b
VYAV Jlo o 7YY gl as \WA- Lo 0 78T 5l comoy e
WA Jlo jo /Y 5l JlSis cad sl Ol s
= F A Sguge o 9 VYD Jlo o - VY S o s
S gy ol (F Jgazdo s Ko Ve Lo o
2 st JUSS Gl JuSas arg b5 b
ol aile al mlie zals 1) wal a2 Sl sloJls
ket 55 b gom) e Jelie 4 ] 3 65 p5liS
sl 020 LS A el lojen ol S Ll
Of Gy 5 63plsS & Ol (olbiss olal ol
Lie g5,0las sbally asle o gl ololadl |
Lgl.bwt.u u)jfa ¥ 9 099 Og9dme u...a:lf L)"‘ Ll ‘..\....:L:
Slatdl 4y gitugel 5 ermb mlbe Copoe sy b
A o 45T gl

P 00 eyt JLil wo s 4 by mls
25V oS Bblio wans o s S (i,
o blie oS Jb> o wiylo |y sy e Jil &5
Jussl zgl ijls s poml Glog s @loys 5 (29 4
-/ JlSis cul LYYl jo sy
2ol mle als 5b samsples a5 cul lojen
Gl )0 oty oemyd Jelie 4 (Sl
O Sialy g Bloy lacusgase L SliasS
ol Sloladl [ ol Loyl Sgge a4 Jlosxlay
3 olaldl g45 5 LeSlon) Sgue ¢y wedon
(O Jsoz) 3yl oSt SliwasS gble

sheeian; o slarl (golamsl Jolge ol las
L lels selye aiyls sasay cpl 5 (g lo cixe g_)‘).gl_)
a9 <2V g,lo gme maw g o/ Y g0
B I e R R e N e IR AR S
Sysba Wiyl ably g Jlol Jlosl
Uil sl Jlazo Jasss glaJlo 5 solys Liyl53l
o0y Lo Sz om0 R (po) 8
5 70 oo b op2les g o0V (sl gne ghaw
) oyme Jdl Jlexl /) gl e haw
5 Ol yiien (il)F sasaslii a5 wies o il
5 1Y care b ol Jelie al & Gl
aS Lo ool @ w)ls e Sl Sl s o
Nslios 65y somy e Jilin 4 S e ol
ghe 5 A core b pling, slacslon; some
ool ) ey e Jlsl Jlexml o0 (g )ls ne
zhw g /00 oo b JLSis a5 b jo as o
g Y o b g 5l iy alols g /e (gl ixe
R? .t aims o Lial3dl ) o <[+ F (gl e o
el (Fapopeds saaslis Ve b plp o
(Y Jgoz) ol
& aasee ol blite S L Seiead Joe Jelos
971V e yo b OMand 5 iz (e ol 3558
cro b Sl g JLSis g ol 6)ls e o
Joloe 5l @SS Sy Y b mhaw g /Y
Fle Sl s dl)) gem) g JURA p o SSe
SNpazs Al oS amd oo (LA M g Sz
GlS 0 it b Gl @ Cews by Gl
Sls ol pals Ve b ey e Jlsl Jlos!
e oo ol ) gl Jow alie mls b e Ko
Ly oyt Jldl Jloiml oMloazs 5 lgils awljo
Ol pdx> &S Jb 0 s e Glels
Solaldlis5,5leST cllad 5 et 5l alol (Jlusis
Lople R? 4l aimo oo pal¥l 1) oy é Jlci
bacaolis as ol ol Jaw 4 o Sail oguge < ITVY



Yoo GAY Olxbio VFeF bl (090 8 lowd (o3 Jlu ¢y bl S e dy gl

ay

Gl (G ki oyl (sl AL 1) Jgu

Sl Jilas Lo Byl wuoyd) il PR i
) o oyl FA (o= o (5003 3087)) (29993 (sommy o JUS2] Sl
A+ \Ye \Ye - YA« (Olegs l52) ailale vl o Slgil> .MT).)
\$ JEs /¥ 1A S glo JLs M
) Sho - Sy 1FY (O e ,0=)) (22999 S
I3 V0 N Juyvia Ju O
) o i 2l YA Ozl o= 0 2 lee=)) (29999 &>l
3 \ VA /0 Gho Vo) owyiws shitel livg, slacslo s
) Sho - Jalee 7YY (0 mem yiuo Jaliom)) 29390 Jab cuns
- /¥ -VIA -I5 A Jsias sas asls Jlses
3 Y VIO \iAs el slael slass JNESNIRY
00 ) VF YY Ol ,gd 35 50 b yeslS s ) alols
\ o - 18y (Civo g Dlods= 00 (5 l0ald (55 ,5LiS=V) 59990 wolaidl cJled gg
oy o JUaidl Jlosa! (gl Sz Joo gl : ¥ Jguer
ol Cod (5,0 S0 S lnibewl gl p5 (B) do

WALENY ofeY e —efeeny JSESRWIN

“IAY o/ /0 A s

VIED ofeY < IYY -1 (V=5 10) Copir

It I+ [+ —/-¥ o

VA I+ -IY$ <150 0=k &>le

IN¥ I+ I~ —<I\A wlivg, sbesle )

v “feY Nna A O=Joltie) Job consds

VIVY / g N Jlses

VAY / [-Y ny JNERSIR

VoY / I+ Iy 4 ) alols

VY [+ /¥ < /¥0 oladl cllis o5

- oo -1BY Vi oot

- - - A i R2

Setand Jon 30 Jillie 11 Joloxi ¥ Jga
olh Cond (gl b 3 plilinl slbs  p (B) ik

/- /e o/ f N Moz X i

VYO ofeY -\Y N & ylpe x JLSas

VY o/ NE N oolasl clas ggi x JluSis

SELEV ooy e —feeey JUSESRW RN

-IAQ ofeY /0 —-N\Y EMass

VIEY ey -IvY “/FA (V=8 0) S

<Ay oo /e —fey O

VIAY ofeY Yo 5 0= 2le) & zlpe

“1AD ofe [+ --N\# by, el

VY -]+ -JY- —eIYY O=Jole) Job conss

VIEO oo Ny I Jses

VAY - [-Y S JRES

VY -0 /e ofeY 4 ) alols

V/OY o/ ¥ - IYY - /Y olassl cllas g5

- ofee .oy V0O oot

- - - - I¥Y i R2




e JES yy S 56 Julow

)y Jil a s (%)

WAL-IFee JLSis mll g (oo y e JUdl Gloj a9, :F Jgu
Jlo ooy yud Jlsdl dwoye  JluSis jaslis

YYAD £ —-1F
\YAS 4 -V
\YAY 7Y —+/A
YYAA 4 -+
\YAQ #Y —+IA
\va. 7Y Sl
AR Y —+/A
\yay 20 -+
\yay 44 -\

yvaf ZA -\
AARA £ -\/Y
\Yag \Al -\

\yay \Al -+
VYA £ —+/A
vaa A -V
\F-- Y —-1F

(13dS) = smemy®

AR

’ — it AR
IYAD  \YAS IWAY. AYAA yvad v ARS8 IVAY Ay aveE avda YA avay IvaA vad A fee
Joe

@ ot Juil Mo (%) @ JeSia s=alt (SPEI)

S (a5 g oy JUii o i ¥ IS

5.
3o
Te.
oy

.

3.

TFAD VTAS VTAY VRAA VAT VTR OITRL 4R ATAT ATEE 4TRA TS 4TIV ATIA VTR 0F

e
@ e leliany() @ oo sleliag () @ ol e s el slelas, (%)

‘svl.él)» &bl yo GM)).:.CJM‘ A b 1 ¥ IS



Yoo GAY Olxbio VFeF bl (090 8 lowd (o3 Jlu ¢y bl S e dy gl a0

il yior G905 S 4y oy JUSN oy 1 Jgax

Jle

SlinsS Golin (%) gio 3blio (%) isleys 3 AgSaly sblis (%)

YA A
\YAS 74
\YAY £
YYAA \A
\YAQ v
\va. £
AR \Al
\yay \Al
yyay \Al
yvay Yo
AARTA \A
\yag \id
\yay YA
VYA \id
yvaa \Al
ARR Yy

al
A
£0
55
£0
£0
55
al
FA
'
Y
VA
vy
v\
#4
FA

#OY
#0F
#00
#0F
#00
AN
bF
OA
AR
&
41
£\
Y
7
&
AR

Ao oles Sl (o) e JUidl a5 50 (i
oaims yiulidl Jalge flgicas 58 Jluses L ol Jlaie
ol S b gaod a5 wad plolid om e Jlizdl
olas 00) pliime S sle al (FO) conl i
il 55 oyl Jelie (s SU ouims
Jods a Yloiol (Lad & 2 loe cuiilndy jo el oo
oads wais Jlsles 5l Ll g5,5les ol Grals
RS 4 (S5 g gl acSle ) Son Sl
olBl g el ) pemy e Jidl Lol s 5
Jusl YL 25 b gl Sleass gble wias o
oaim3lis el 4 oo blie b aglie )3 (go) é
P T P S S N P PRCHR R 1
G 4l b aldlier ol ol vl go)
P om BBy S &S sl Slaes (Pt
oy Junl Gl Jele 1y g0l 5 naliws,
Xl oo
Slaaiil b aS 5,15 cow,pwé JUsl  gite 1
Jelie o oS lie p ctmen Julse 3G o)bys (FA)
Jds @ Vsl popae slil cal 5l gomy
Jolie a8 o Silnl mle 4 (pwws b4
o lald g (659liS slacled wslaiisly (cows) e

3 ebws, oelels TEA a5 wes oo lis laadl

Jelie po VEer B AYAD clagls b ol bl
ol &5 losgy Jorte eloizl doy W36 pom) s
)5 b b olesen VYAV Lo 50 VY 24l b e
closgy IS
s slmaslaS g

ol L Jlses aale
Coows a3 1y 0ly8l (g5 5lisS o o, dad slacs B
a5 wed oo Bgw shad 65,1 wile po) e Jeline
5 Cude 3G (Y DY) Sl guron e K00 gl b
ormb mlie als a5 WS e awl (Y0) olidss
) eomype Jelie 4 (Stunly 65,0l ol ohga
oo sl aidl glhe OHass g gl selye

Juil st onials Jolse olgieas (A N +) lddoxs
g OMeamd idi o)byo a5 wall LS’L"‘"L““ (o)
w))a.c J.CL«.M 4 QSi"““"‘? MIS o) «.).QT).)
Juailay (Sl 50 e Ol wilgs o e
56 b5 sl OMeass malidl a8 sls lis EMleass



a5

e JES yy S 56 Julow

30 Gl Gl auile wlusl jo ciwlw slaoliiy
GL:A Sl Copae 9 (VW) Jloms sbeesloy;
5 ladlaie oo Sog, po3) 2 g 005 Lwlyea (V) (rnbo
ST oy 0 ey Jldl Gals gl atedon

G g o dguo

Ll 00g axlae glacusgame L ol iagh
Soly g anie bbacs sleesls I solitwl wuss
slolis Gl 1) e poe” a3l i dalgls
wle il Jolge g 03,5 palp (pom) e Jndl
laosls Cgogame s 4y el ol b Sgl ool
L SPEI azlis 5 35,00 pgo Gl o0l gwyp
ol S e ol 75,5 ool e sl ke
ey aad @l edlil Sl LS e
Obogs abex Sl lnl (o095 ol sla Sz
i )0 Cadgazme Sle 4 () laS el 5 CueS
Oy opie S oo o LGl g o
Sy St ol o S S 5oty S
Jelos Gaslr Jsb glaesls (ST (slaiagsy o
Slp oprieniz sladoe g cosbye Lnlyd 4 Coules
058 g 5 Jelos g oS o058 slravr gy
Sl g ey pe Juxil a5 sl osd plxl
SIS Gl (Ol oliwy; (>9850 Jlul Ctone
5 Oisel (ermb @l Sl Cupoe jeme dw b
S 55 e S lu ) drngd g (P10 e

GrSexiim
>y o Jlsis a5 ob plis ol dlie s
557206 5,90aS slazdl ol wlie SRals' b gl (ol
e Jolie Ceos 1) B3 g 008 il
Jolge el asle goladl Jalge .ams co §om Hloubl
G by Sl g Olass wile eloiz]
S o sl Jelie pl 4 20l 5 ials o guldS
a1y oF (e 65,5la8 4 (Saly 5 & zlee a5
Jelin o a8 WL OO b ol anS o

u,u)ye‘ u.«..o.b‘ EMOUL.«J aS u.b)j‘GA &9y LSA’M"))'A'C

LoaSamesee Gl 1) oy Jlil Jloxo
5SS a4 ol (albiwg, sladl YL (Sl
Wy, )l Slszes JLSis ply s ol @ pdies
DA b (Nod Baa3las gomy e Jlidl S
5 AYAV-IYAD ol jo 7ol L as el Jlsies
ONee ol plalol o VYAY 5l s s ralS
il b SLaladl b anlil Lyl s sgngy 4 ool
oS ssboles il baye 555laS sledil)ly
S sl (J ol bass co slpaion (YF) lados
il 4 5ls saeolis 4 (! sgaze als
Gl g oliwg, olatll & Liduees sl Soeads
el (s (559l 4 (Sl
a,l Lo lbadl iy clba s L oawli. o
S o)l Jlien (V1) ol (Hly o5 Bax
) @biwg) @olamdl g5 )3 (gomype Jolin (a5
A (G oBwd Dy (pizmesr WS (6 Ly
oo @l Wil LU La),a ) oy i
Wl oo (somy e (iFu &5 Cwlinl)er T L2l
W5 Joe golatdl obg (> g W Fll Glprea
o) Slatuo s oS (b (SluasS Gblie ;o o094
Slez Slool b gl 55 (Jl ol b sl 30
U ab, a5 (Fo) gliime 5 OOy )0 3s2g
ool Gplpl s JLsas (s S5
b O serkies dlal, bo adl wis,S by
A awd oo L go et Jlsl Sl g Jlusias
O oo oliwg, slaidl was Siwly Jds 4 Yl
Oliize (Fp &S Jb o pimen Sl (g5 5le8
2 s pt izl Soles leasln iy (FV)
rolo iy il wST plusalls (s pdycal (rals
olis el oyl g ol Caxsy 5l gogame G
Ll b Sin b clacslis 4 sl Ses 45 cand o
sloadl (S jeba Bl bgyye gl o (Solgls
PP 58 ey JUSl (Sozy » ol Glagh
S S5 4 aamsge i g A g0 aST gl
aislbe sloxl wwolu )y walyoaile goladl Jolse
Ghemecen; s Ozl R
b ol ol aimo e US55 1, odudy opl JuSisaiile



Yoo GAY Olxbio VFeF bl (090 8 lowd (o3 Jlu ¢y bl S e dy gl ay

g dom 2>l AT alex> 5l (legh slriusgaow
Sl Gl gw,p p9i (o098 Dl S ilgy pae

Ly 1) oyprioniz loJos 9 Job slaools L

5 5 SliangS bl bl SIS als
B9 gl Cutae b iS55 a3

6)‘}1»4%&).
Sesle ol jenS GNL;..;‘,I&:@ olesle 5l easungd

WS o Slo,a8 cwlidlga sla cols ols )l )3

locasgime Jdo & liwasS blie caul aicban
Pl 2 @l ol Wyl (i spdyeam] (S5l
oz Sl ol il e Glp 4z LS slacales
aST e o3l 5 0295 )Ll (slacs gl 51 eslinul
anwgi g o0l5 @l ehsd (Shisel CosE il
sladl Wlgoo b 9 Jlems glacslp;
) somy e Jolie & (Stly 5 005 goitia | (ol
S ez 6yl s leludl ol e _als
sorge b aSL wimoe Ll |, ealdl glacSs
S g0 S by sl dnwgi 4 (S CokS

m References
1.Archer, E., Du Toit, J., Engelbrecht, C., Hoffman, M. T., Landman, W., Malherbe, J., & Stern, M. (2022).

The 2015-19 multi year drought in the Eastern Cape, South Africa: it’s evolution and impacts on
agriculture. Journal of Arid Environments, 196(1), 1-6. doi:10.1016/j.jaridenv.2021.104630.

2.Aronsson, A. E., Vidaurre-Teixido, P., Jensen, M. R., Solhaug, S., & Mcnamara, C. (2023). The health
consequences of informal employment among female workers and their children: a systematic review.
Globalization and Health, 19(1), 1-9. doi:10.1186/s12992-023-00958-1.

3.Batool, A., Kartal, V., & Ali, Z. (2025). Development of trivariate multiscalar-Standardized drought index
(TMSDI) for assessing drought characteristics. Environmental Monitoring and Assessment, 197(3),1-17.
d0i:10.1007/s10661-025-13742-y.

4.Bekana, T. (2025). Drought risk management in ethiopia: a systematic review. Journal of Energy,
Environmental; Chemical Engineering, 10(1), 1-11. doi:10.11648/j.jeece.20251001.11.

5.Bosworth, G., Whalley, J., Fuzi, A., Merrell, I., Chapman, P., & Russell, E. (2023). Rural co-working:
New network spaces and new opportunities for a smart countryside. Journal of Rural Studies, 97(1), 550-
559. d0i:10.1016/j.jrurstud.2023.01.003.

6.Bradshaw, Y. W. (1987). Urbanization and underdevelopment: A global study of modernization, urban
bias, and economic dependency. American Sociological Review, 52(2), 224-234. doi:10.2307/2095451.

7.Blinte, M., & Gregersen, C. (2023). Climate change and informal employment in rural Southeast Asia:
Evidence from Cambodia. Environmental Development, 47(2),1-14. doi:10.1016/j.envdev.2023.100822.

8.Datta, A., Duvendack, M., & Woodcock, A. (2022). Roles of rural non-farm employment (RNFE) in India:
Why RNFE, the conveyor of a shock like COVID 19 is also the key to recovery? Journal of Rural Studies,
94(3), 411-422. doi:10.1016/j.jrurstud.2022.07.011.

9.Edwards, E., Sekhri, S., & Sanchez, L. (2024). The Economics of drought. annual review of resource
economics, 16(1), 105-124. doi:10.1146/annurev-resource-101623-100253.

10. Gaddis, I., Oseni, G., Palacios-Lopez, A., & Pieters, J. (2023). Improving the measurement of rural
women's employment: Global momentum and survey priorities. World Development Perspectives, 30(3),1-
12. doi:10.1016/j.wdp.2023.100496.

11. Galli, R., & Kucera, D. (2004). Labour Standards and informal employment in latin america. Palgrave
Macmillan UK, 32(5), 192-217. doi:10.1057/9780230584204 9.

12. Green, W. N. (2025). The persistence of the moneylender: how informal debt deepens financialization in
the Cambodian countryside. The Journal of Peasant Studies, ahead-of-print,154(1), 1-25.
doi:10.1080/03066150.2025.2457586.


https://doi.org/10.1016/j.jaridenv.2021.104630
https://doi.org/10.1186/s12992-023-00958-1
https://doi.org/10.1007/s10661-025-13742-y
https://doi.org/10.1007/s10661-025-13742-y
https://doi.org/10.11648/j.jeece.20251001.11
https://doi.org/10.1016/j.jrurstud.2023.01.003
https://doi.org/10.2307/2095451
https://doi.org/10.1016/j.envdev.2023.100822
https://doi.org/10.1016/j.jrurstud.2022.07.011
https://doi.org/10.1146/annurev-resource-101623-100253
https://doi.org/10.1016/j.wdp.2023.100496
https://doi.org/10.1057/9780230584204_9
https://doi.org/10.1080/03066150.2025.2457586

aA e JES yy S 56 Julow

13. Hedlund, M., Andersson, M., & Berg, H. (2025). Digital literacy, labor migration, and employment:
Evidence from rural China. Heliyon, 11(3), e26312. doi:10.1016/j.heliyon.2025.e26312

14. Hendrawan VSA, Komori D, Kim W. (2023). Possible factors determining global-scale patterns of crop
yield sensitivity to drought. PLOS One, 18(2), 1-20. doi:10.1371/journal.pone.0281287.

15. International Labour Organization. (2013). Measuring informality: A statistical manual on the informal
sector and informal employment. International Labour Office. https://www.ilo.org/global/publications/ilo-
bookstore/order-online/books/WCMS_222979/lang--en/index.htm.

16. Jonasson, E. (2011). Informal employment and the role of regional governance. Review of Development
Economics, 15(3), 429-441. doi:10.1111/j.1467-9361.2011.00618.x.

17. Jonasson, E. (2024). How important are locational characteristics for rural non-agricultural
employment? Lessons from Brazil. World Development, 183(1), 1-14.
doi:10.1016/j.worlddev.2024.106714.

18. Jung, J., & Lépez-Bazo, E. (2024). Place-based subsidies and employment growth in rural America:
Evidence from the broadband initiatives programme. Papers in Regional Science, 103(5), 1-11.
doi.org/10.1111/pirs.12754.

19. Kasimis, C., Pappas, C., & Papadopoulos, A. G. (2010). Gaining from rural migrants: migrant
employment strategies and socioeconomic implications for rural Labour markets. Sociologia Ruralis,
50(3), 258-276. doi:10.1111/j.1467-9523.2010.00515.x.

20. Khan, R., & Gilani, H. (2021). Global drought monitoring with big geospatial datasets using Google
Earth Engine. Environmental Science and Pollution Research, 28(14), 17244-17264. doi:10.1007/s11356-
020-12023-0.

21. Khokhlova, M. (2024). Hedopmanbhas 3austocts B Mupe. World Economy and International Relations,
68(7), 130-140. doi:10.20542/0131-2227-2024-68-7-130-140.

22. Lavin, J. A., Sadeghfam, S., Neshat, A., & Sharafati, A. (2025). A formulation for assessing the risk of
anthropogenic drought based on drought characteristics and socioeconomic and physical factors. Vadose
Zone Journal, 24(2),1-9. doi:10.1002/vzj2.70014.

23. Lee, S.-J., & Lee, Y. (2024, April 14-19). PredRNNv2-based drought prediction using Vegetation
Health Index (VHI) [Conference presentation]. EGU General Assembly 2024, Vienna, Austria.
doi:10.5194/egusphere-egu24-14437.

24. Lombe, P., Carvalho, E., & Rosa-Santos, P. (2024). Drought Dynamics in Sub-Saharan Africa: Impacts
and Adaptation Strategies. Sustainability, 16(22), 9902. doi:10.3390/su16229902.

25. Lottering, S. J., Lottering, R., & Mafongoya, P. (2020). The impacts of drought and the adaptive
strategies of small-scale farmers in umsinga, kwazulu-natal, south africa. Journal of Asian and African
Studies, 56(2), 267-289. doi:10.1177/0021909620916898.

26. Mamgain, R. P. (2021). Understanding labour market disruptions and job losses amidst COVID-19.
Journal of Social and Economic Development, 23(2), 301-319. doi:10.1007/s40847-020-00125-x.

27. Matimolane, S., Strydom, S., Mathivha, F. I, & Chikoore, H. (2024). Evaluating the spatiotemporal
patterns of drought characteristics in a semi-arid region of Limpopo Province, South Africa. Environmental
Monitoring and Assessment, 196(11),1-17. doi:10.1007/s10661-024-13217-6.

28. Mehr, A. D., Reihanifar, M., Safari, M. J. S., Mohammadi, B., Alee, M. M., & Vazifehkhah Ghaffari,
M. A. (2023). VMD-GP: A new evolutionary explicit model for meteorological drought prediction at
ungauged catchments. Water, 15(15),1-10. doi:10.3390/w15152686.

29. Meng, X. (2001). The informal sector and rural-urban migration — A chinese sase study. Asian
Economic Journal, 15(1), 71-89. doi:10.1111/1467-8381.00124.

30. Nasrnia, F., & Ashktorab, N. (2021). Sustainable livelihood framework-based assessment of drought
resilience patterns of rural households of Bakhtegan basin, Iran. Ecological Indicators, 128(1),1-7.
doi:10.1016/j.ecolind.2021.107817.


https://doi.org/10.1016/j.heliyon.2025.e26312
https://doi.org/10.1371/journal.pone.0281287
https://www.ilo.org/global/publications/ilo-bookstore/order-online/books/WCMS_222979/lang--en/index.htm
https://www.ilo.org/global/publications/ilo-bookstore/order-online/books/WCMS_222979/lang--en/index.htm
https://doi.org/10.1111/j.1467-9361.2011.00618.x
https://doi.org/10.1016/j.worlddev.2024.106714
https://doi.org/10.1016/j.worlddev.2024.106714
https://doi.org/10.1111/pirs.12754
https://doi.org/10.1111/j.1467-9523.2010.00515.x
https://doi.org/10.1007/s11356-020-12023-0
https://doi.org/10.1007/s11356-020-12023-0
https://doi.org/10.20542/0131-2227-2024-68-7-130-140
https://doi.org/10.1002/vzj2.70014
https://doi.org/10.5194/egusphere-egu24-14437
https://doi.org/10.3390/su16229902
https://doi.org/10.1177/0021909620916898
https://doi.org/10.1007/s40847-020-00125-x
https://doi.org/10.1007/s10661-024-13217-6
https://doi.org/10.3390/w15152686
https://doi.org/10.1111/1467-8381.00124
https://doi.org/10.1016/j.ecolind.2021.107817

Yoo GAY Olxbio VFeF bl (090 8 lowd (o3 Jlu ¢y bl S e dy gl a4

31. Nembilwi, N., Chikoore, H., Kori, E., Munyai, R. B., & Manyanya, T. C. (2021). The occurrence of
drought in mopani district municipality, south africa: impacts, vulnerability and adaptation. Climate, 9(4),
61-74. doi:10.3390/cli9040061.

32. Okosun, A. E., Okpalike, C. O., Igwe, A. E., Okeke, F. O., & Ezema, E. C. (2023). Rural area
infrastructural challenges and the role of architecture in urban-rural development in nigeria. European
Journal of Sustainable Development, 12(4), 305-347. doi:10.14207/ejsd.2023.v12n4p305.

33. Orievulu, K., Ayeb-Karlsson, S., Ngwenya, N., Ngema, S., Mcgregor, H., Adeagbo, O., Siedner, M. J.,
Hanekom, W., Kniveton, D., Seeley, J., & lwuji, C. (2022). Economic, social and demographic impacts of
drought on treatment adherence among people living with HIV in rural South Africa: A qualitativ analysis.
Climate Risk Management, 36(2), 1-11. doi:10.1016/j.crm.2022.100423.

34. Pankaj, A. K., & Jha, M. K. (2024). Gig workers in precarious life: The trajectory of exploitation,
insecurity, and resistance. The American Journal of Economics and Sociology, 83(5), 935-946.
doi:10.1111/ajes.12563.

35. Portes, A., & Schauffler, R. (1993). Competing perspectives on the latin american informal sector.
Population and Development Review, 19(1), 33-46. doi:10.2307/2938384.

36. Rajab-Kalantarzadeh, M., & Savari, M. (2025). Impacts of resilience on food security in rural
households of Iran under drought conditions using an extended sustainable livelihood framework. Results
in Engineering, 26(2),1-14. doi:10.1016/j.rineng.2024.105145.

37. Raut, A., & Ganguli, P. (2024). Observed trends in timing and severity of streamflow droughts across
global tropics. Environmental Research Letters, 19(3), 1-10. doi:10.1088/1748-9326/ad25a1l.

38. Sahoo, B. K., & Neog, B. J. (2016). Heterogeneity and participation in informal employment among
non-cultivator workers in India. International Review of Applied Economics, 31(4), 437-467.
doi:10.1080/02692171.2016.1257584.

39. Simuchimba, B., Mudenda, D. S., & Phiri-Mumba, R. (2024). The informal Sector in zambia (pp. 145—
164). Oxford University. doi.org/10.1093/oxfordhb/9780192864222.013.8.

40. Soares, P. R., Harrison, M. T., Kalantari, Z., Zhao, W., & Ferreira, C. S. S. (2023). Drought effects on
soil organic carbon under different agricultural systems. Environmental Research Communications, 5(11),
1-12. doi:10.1088/2515-7620/ad04f5.

41. Stefanidis, S., Proutsos, N., & Rossiou, D. (2023). Drought Severity and Trends in a Mediterranean Oak
Forest. Hydrology, 10(8), 167. doi.org/10.3390/hydrology10080167.

42. Sultana, N., Rahman, M. M., & Khanam, R. (2022). Informal Sector Employment and Economic
Growth: Evidence from Developing Countries in SDG Perspective. Sustainability, 14(19), 1-11.
d0i:10.3390/5u141911989.

43. Tabassum, R., Arsalan, M., & Khan, I. (2023). Monitoring drought events and vegetation conditions in
Pakistan: Implications for drought management and food security. Proceedings of the Pakistan Academy of
Sciences: A. Physical and Computational Sciences, 60(4), 1-9. doi:10.53560/ppasa(60-4)824.

44. Vicente-Serrano, S. M., Pefia-Angulo, D., Begueria, S., Dominguez-Castro, F., Toméas-Burguera, M.,
Noguera, 1., Gimeno-Sotelo, L., & El Kenawy, A. (2022). Global drought trends and future projections.
Philosophical Transactions. Series A, Mathematical, Physical, and Engineering Sciences, 380(2),1-10.
doi:10.1098/rsta.2021.0285.

45. Wan, J., Song, X., Liu, Y., Su, Y., Lu, Y., Zhang, S., & Deng, W. (2018). Spatio-Temporal impact of
rural livelihood capital on labor migration in panxi, Southwestern Mountainous Region of China. Chinese
Geographical Science, 28(1),153-166. doi:10.1007/s11769-018-0936-8.

46. Wang, G., Kan, Q., Shen, X., Tang, S., & Cheng, Z. (2022). The impact of informal social support on
the health poverty vulnerability of the elderly in rural China: based on 2018 CHARLS data. BMC Health
Services Research, 22(1),1-8. doi:10.1186/s12913-022-08468-3.

47. Wang, Y., & Wu, Y. (2025). Digital economy, rural e-commerce development, and farmers’
employment quality. Sustainability, 17(7), 1-10. doi:10.3390/su17072949.


https://doi.org/10.3390/cli9040061
https://doi.org/10.14207/ejsd.2023.v12n4p305
https://doi.org/10.1016/j.crm.2022.100423
https://doi.org/10.1111/ajes.12563
https://doi.org/10.2307/2938384
https://doi.org/10.1016/j.rineng.2024.105145
https://doi.org/10.1088/1748-9326/ad25a1
https://doi.org/10.1080/02692171.2016.1257584
https://doi.org/10.1093/oxfordhb/9780192864222.013.8
https://doi.org/10.1088/2515-7620/ad04f5
https://doi.org/10.3390/hydrology10080167
https://doi.org/10.3390/su141911989
https://doi.org/10.53560/ppasa(60-4)824
https://doi.org/10.1098/rsta.2021.0285
https://doi.org/10.1007/s11769-018-0936-8
https://doi.org/10.1186/s12913-022-08468-3
https://doi.org/10.3390/su17072949

Yoo e JES yy S 56 Julow

48. Williams, C. C., & Horodnic, I. A. (2017). Evaluating the relationship between social exclusion and
participation in the informal sector in the European Union. International Journal of Manpower, 38(3),
489-503. doi:10.1108/ijm-10-2015-0179.

49. Williams, C. C., & Round, J. (2007). Beyond negative depictions of informal employment: some lessons
from moscow. Urban Studies, 44(12), 2321-2338. doi:10.1080/00420980701540945.

50. Sheng, Y., Zhao, Y., Zhang, Q., Dong, W., & Huang, J. (2022). Boosting rural labor off-farm
employment through urban expansion in China. World Development, 151(2), 1-12.
doi:10.1016/j.worlddev.2021.105727.

51. Zanjan Province Agricultural Jihad Organization. (2021). Statistical Yearbook of Agriculture in Zanjan
Province. [In Persian] .

52. Zanjan Province Budget and Planning Organization. (2021). Income and Expenditure of Rural
Households in Zanjan Province. [In Persian] .

53. Zanjan Province Meteorological Organization. (2022). Statistics of Synoptic Stations in Zanjan
Province. [In Persian].

54. Zulfigar, F., Thapa, G., & Viswanathan, P. K. (2024). What do we know about rural and informal non-
farming labour? Evidence from a mixed methods study of artisanal and small-scale mining in Northwest
Tanzania. World Development, 183(1), 1-10. doi:10.1016/j.worlddev.2024.106710.


https://doi.org/10.1108/ijm-10-2015-0179
https://doi.org/10.1080/00420980701540945
https://doi.org/10.1016/j.worlddev.2021.105727
https://doi.org/10.1016/j.worlddev.2024.106710

