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ARTICLE INF®O ABSTRACT
aﬂv"i‘- Bulukumba Regency is one of the magor rice producing arcis i South Sulawesi. Indonesia and has
Livelihood vulnerability idex (VD experienced frequent climate disasters over the past decade. Several downstresm villages within

Lavehbood crabiline index

the Betu River irrigation area have been affected by the drought, culminating in reduced lowland
intergovernmental povel on cinste change
LENT IPOC)

Cluniate change

rice production and increasing the vulnerability of farmers livelihoods This study aims w0 eval
uite the vulnerability of the hvehhood svstem amony rice tarmers 1n the Bettu River irmgaton
ares by classifying the area into two zones based on the diaw from the mam irngation canal.

brngation area

Lowland noe namely the upstrewn ares and downstream area. The [nvebhood vulnerability index (LVD
Faner framework and livelihood valnerability mdex Intergovernmental Panel on Chmate Change (LVI
Indonea IPCC) approach were applied by selecung geographic and socio-demographic indicantors that

atfected the tirmer households, including B mayjor components and 26 sup-components. he data
tor LVIIPCC esumation were cullected by randomly sefecting | 32 households trom villages in the
wo areis, e empirical results showed that farmers in the downstream area were more
vulnerable to climate change than farmers in the upstream area. The major components causing
the livelthood vul bility of the downstream tarmers were bvelihood strategy. food. water. land.
health, as well as natural disasters and clmate variability. In particular. the sub-components of
agnculwural livelibvod diversification. consistent water supply for tarming. and drought u.
were important in the downstream arca. Farmers in the upstream area were vulnerable to socio
demographic profile and social network components. The LVIIPCC findings suggested that the
government should priodtize farmers in the downstream area to develop resilience strategies,
particularty by increasmy irmgation infrastructure and the number of reservoirs and drlling holes.
Furthermore, o incresse their adaptive capacity in terms of diversification of agricultucal liveli
hood systems, the government and donor agencies need to provide trinings on the development
ot home food industries for poor fanmers and vulnerable households that were atfected by
disasters.
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1. Introduction

The increasing frequency of disasters due to the impact of climaw change has affected the livelihood sysiems of small farm:
especially in agrarian-based developing countries ( : ). Indonesia. an agriculture-based country, is vulnerable 1o the
impacts of climate change, including floods, droughts, changes in rainfall patterns, and rising temperatures{ IS ! !

). It is ranked as the third country with the highcql climate risk exposure to floods and droughts that thmatcn
agricultural production and food security (¢ ; i : U112 ). Several reports show that the temperature
rise in Indonesia u,amngc trom 0.8 C o 1.4 Cby 2050 (= S TR Y,

Fluctuatons in temperature and rainfall have a significant impact on nce productivity, which is the primary preduct of the Indo-
nesian agricultural industry. The productvity of Indonesia’s lowland rice has decreased by approximately 8.23% as a result of climate

change in 2020 (1 - v " ). Bulukumba Regency is one of South Sulawesi's major rice-producing regions. This
region has sutfered from numerous natural disasters brought on by the effects of chimate change, including droughts, tloods, and pest
attacks, which caused production to fall by 4.80% in 2020 ( BUAE S X

Farmers in Bulukumba Regency are most affected by drought. During the long dry season. irrigation facilities can only irrgate the
upstrcam arca, leaving the downstream rice fields to rely on other water sources like pumps and reservoirs. This causes a disparity in
income camed by farmers in the duwn-atrcam and upstream arcas. These impacts significantly affect the vulnerability of farmers’

livelihood systems ( v VK 50 i Rt ti ) I is crucial to analyze the vulnerability of livelihoad system at
housch@EHevel ( s Rt e NS : _ ). because the vulnerability of livelihood system varies over time and location
(. . The impact of Lhmmc changc can nnh be clearly understood when the livelihood system, vulnerability level, and
adaptive acily are well explored at the micro-level to formulate optimal adaptation policies (- ') Vulnerability mea-
surement 1s a commonly used tool to explain the potential impact of disaster on humans and ecological sysiems caused by climate
change (! I 2+ ). The vulnerability of people's hivelihood svs[LmW!crmmcd by their sensitivity to exposure w©
stressors, and capacities to resist, recover from, and adapt to the eftects (1 At

Various studics on the vulnerability of livelihood system have been carried out with dxftur:m scopes and fmdmgs \ccurdm;. to the
findings of these studies, differences in vulnerability arc caused by differences in houschold characteristics. a lack of infrastrucrure,
techne ' gical facilides, diversification of lncixhnudc and access to financial institutions and cxﬁmn services (!

" i IS T "). Furthermore, previous studies have focused on \-uincrsﬂilu duc w©
Lllmalc t.hangc lmp‘mm in Asian l‘q,iont mth specific sociocconomic characteristcs and climatic conditions { 1+ i
B i i Pl s A ey ) Ho cr, studics on vulnerability in specific ecological
zones are still lacking, mnk:np. it difficult to implement appmpnatc liv chhoud system adaptation strategies for dealing with the effects of
climate change (.1 .- v 1) The location of lowland rice (for example, in the downstream and upstream arcas) and
access o resources are important factors that determine the level of vulnerability in rural communities. However, the differences be-
tween the duwnmm and upstream irrigated rice farmers have not been well examined. i

This rescarch attempts to fill the gaps in the current literature by analyzing the vulnerability of farmers” livelibood systems due to the
impact of dimate change in downstream and upstream irrigation arcas. The majority of the farmers in the study arca are sharecroppers
rather than 1andowner€ and the vulnerability of livelihood system is affected by their land ownership status ( 1 Ll

. Therefore, this study also aims at analyzing the factor of land ownership on the vulnerability of hrmcr‘a houschold
Iwchhcmd systems. ldcmlhmg the vulnerability form and level of livelihood system plays a significant role in increasing the adaptive
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Fig. 1. Overview of gamarang district ( 1 i CEtl i B
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capacity of poor farmers. The findings can be used in determining appropriate interventions for the development program, particularly
in terms of increasing the resilience of farmers” livelihood systems affected by climate change.

2. mthodology

2.1. Study area

The study was conducted in Gantarang District, Bulukumba Regency. South Sulawesi. Indonesia, the location with the most irfigated
rice ficlds that arc frequently subject to droughr and flooding. Gamara.ng isthe largcst district in the Bulukumba Regency with an arca of
173.51 km” and 21 villages ( I 11 ). Geographically, this district is located between
5 2005 40'Sand 119 58-120 28k, withan alumdc apprmumamhr 500-700m a. si ( ). Ivis the largest rice-producing district in
Bulukumba Regency with an arca of 1.54 « 10° km” of lowland rice, and around 40.00% of the total population (81,170 people) are
farmers ( : i il

This arca has irigation facilitics f0| water rice fields, namely the frigast Bettw ( Bettu Irigation), which irigates 1817 kin” covering
the villages of Dampang, Barombong, Bialo, Bonto Sunggu, Pacnre Lompoe, and Bukirt Tinggi ¢ b fidia . :

). During a long dry scason, the condition of Bettu River irrigation area is usually uncertain, which usuali\ results in a laCL of water
for rice fields, pardceularly in the downstream area. Several villages, such as Bukit Tinggi and Bonto Sunggu, often expericnce water
shortages. This is due to the area’s location, which is far from the main pumping station of Bertu Irrigation. Despite the availability of
irrigation access, the downstream rice ficlds often rely on rainwater to begin the planting season. This leads to an inequality ot harvest
yields tor the downstream and upstream farmers, threateming the hivelihood systems of the fanmers. The long dry season is often common
from April 1o September. Aside from these months, drought has recendy occurred in December and January.

2.2, Sampiing and data collection

Four villages were chosen to represent the downstream and upstream irrigated areas. The villages of Bukit Tinggi and Bento Sunggu
were chosen to represent the downsiream arca as their location was approximately 6-7 km from the main irrigation system. Dampang
and Borombong villages represented the upstream arca with a distance of 02 km from the irrigation source. Farmers with at least ten
years of farming cxperience were chosen as respondents. This timescale was chosen because tarmers can best recall a disaster that
affected their finances. There were 270 farmers who met these critena in the downstream irrigation arca and 143 in the upstream arca.

The sample size was calculated using the Slovin formula (° R
N T at S (
I : = . 2% approsamately 73 farmiers o the downstrean area) (1)
I+ M L+270 =00
] . S8 Nlapproamately 59 fanmens i the upsteam weal (

L+ Nes L+ =012

where n is the sample size; N is the number of farmers in the study arca who meet the criteria for more than ten years of farming
expericnce; and e is 10.00% of N. The sample size is the reason for determining the 10.00% significance level. Since the number of
people that meet the criteria was small, a larger sample size was required.

Nawral disaster and climate variability data were obtained from extension workers and the Natonal Agency for Disaster Man-
agement to supplement farmer information. Metrological da tor this sludy were gathered for the Gantarang District from 2011 to
2020. To tacilitate the flow of information from farmers, interviews were conducted in two languages: Indonesian and local dialects
{Bugis). The data were collected between May and August in 2021,

2.3. Data analysis

This study adopted an indexation approach which int?ﬂ several indicators that were considered to affect vulncmbzhw in
measurning the vulnerability of farmers’ livelihood sys livelihood vulnerability index (LVI) developed by 1
considers several variables to calculate the level of exposure to natural disasters and climate changes. the adaptive capacity of
houscholds, and their sensitivity to impacts.
To determine the vulnerability level among lowland rice farmers, this '-ludv used the mnccpl nfﬁ'ﬁ%rgm emmental Panel on Climate
Change (IPCC) (1 otk f?" PR vt ‘). According to ¢+ i 1 climate
chang erability is dcicmlmcd by exposure, sensitivity, and adaplall\c capﬂcm { areated the LVI and the live-
hihood vulnerability index- Intergovernmental Panel on Climate Change (fS-1PCC) to analyze houschold-level data for future planning
in the Mabow and Mom wicts of Mozambique. They discovered that houscholds in the study area were vulnerable to seven major
tactors: natural disasters and climate \rariabilil_v. livelihood strategy, socio-demographic profile, social network, health, food, and water.
By using the study of : ! i . we added a tactor of land condition that attects vulnerability in the study arca.
Natral disasters and climate \arnbtim data were collected through surveys of houscholds that experienced weather-related shocks
This method was considered to be more accurate because cach farmer has different experiences and perceived impacts from extreme
climate events. Furthermore, this approach could overcome the lack of data obtained from secondary data, since long-term weather data
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Table 1 ﬁ
Mujor components of the [ivelihood vulnerabihty index Intergovernmental Panel on Ciimate Change (LVIIPCC) framework in this study.

Comnbunng Mipor component Drefimition Relerenoee
Facton
€5
Adaprive Livelibood srategy Farmes s 4 gies (or dealing with the impac of climate change, sucls as
capacin diversihing ngnculmral ivelihood svstems or work itg inditlerent comimunities
Socto demo graphic Farmer characteristios that mfluence knowledye and response to climare change
profile impacts, including age. gender. eduational bachground. tarming expeience.
0
Social nemwork A set ol spectlic relattonshups amo oup of people, iy whach the
charactenstes of those relationships can be wsed i deating with the impacts ol
climate change 2
Sensitivity Fouosd Food secunty and cocs that contribute (o tamners vulnerability (n the face of
climate change. suwch as aop diversificabon and the ability © store sceds and
{.fll'“ m
Watet Water availability tos tanness 1o water their agnculiueal lnd i the tace of .
climate change impacts
Laesd Land conditons and taciors that conuibute to livedibood vulserability to the
eflects of climate change, such as location. area, and Land ownership starusg m
Health alrl: staus than contibutes to the vulierability of Gumers livelibood sysems

o the impacts of climate change. inchading the awareness of Binners o visit
health services when sick
Exposure Natural disasters and Nawral disasters due w chmaw vanablity expaienced by tanmers s the last ten
climate varability vears. including droughts floods and pest attacks

The LY1 analysis stages are as follows,

atthe local level were extremely limited, as is often the case in developing countries( 1 200), shows the cight major
components of vulnerahility in the LVI-IPCC framework.

The LVI analysis stages arc as follows.
Stc‘ﬂ standardization of each sub-component.

Lach subcomponent is measured using a different scale, therefore, to compare the sub-components and the major components, the
initial step is standardization using the formula:

iy LT (3)

where Index,, is a standardized value of cach sub-component: s4 is the observed value of each sub-component in cach area: and sy, and
Sin @t the maximum and minimum values tor each sub-component, respectively.
Step 2. average of cach sub-component.

After standardizaton, cach sub-component is averaged by calculating the value of the major component using Lquation

V: Index.,
1

M, (4)

m
37 E;P
where M; 1s one of the cight major components of livelihood vulnerability in cach arca; Index, 4 represents the sub-components for each
area that make up each major component; and m is the number of sub-components in cach major component (m  8).

Step 3. calculation of the LVE

EVE = " o (5)

where LV1, represents hou dm’lihood vulnerability of cach area; W, indicates the weight of livelihood vulnerability ot each major
component. Adopting the Food, Agriculture and Natural Resources Policy Analysis Network (FANRPAN) value range, the LVI was
classified as not vulncrable from 0.00 to 0.30, 0.31 to 0.60 as moderately vulnerable, and 0.61 to 1.00 as highly vulnerable (

).

Step 4. After the value of cach major component is calculated, then each contnibuting factor is calculated by combining the catego-
rization scheme 1n using Lquation .
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Table 2

Sub-components of the LVIIPCC framework in this swudy.
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Subcomponent

Des n

Relerence

‘ﬁf componel
Avelihood strategy Agnedmad el thood
diversitication

Howchold depend ent solelv on
agriculiure

Family members working in
different communitics

Socwo-demographic Depenidence ratio
profile
ation fevel of household

head
Fanming experience of
household head

Social network No membership with any
COmmLnIn

Households with media acces<in
the house
No aevess o credit loans
Recvivegive muw

e

15
No acuess 1o mﬁ gover mment
assistance in the past 12 months

Food Crop diversity index

Do not save crop

Do not save seeds

Water Do
supph
Utilize avatural witer sousce bor

Wt have consstent water

Larming
Water contlict

Lared Lanwd locatsn

Arca ol rce field

Land tenure

Health I'ravel time 1o a hedth ahn
Famuly membens did not see a
doctr (medical senices) during

s

p 1 tllness

atural disasters and umber of drought events in the
chima past ten vears

Number of thood events in the
past Len years

Number of pest antachs events in
the past ten vears

vanability

Lost erops due Lo disaster

The mverse of (the pumber of agricutural adivitues 1)
reporied by a howschold, e, a oid growing rice,
watermelon. and Livestock would Rave a livelihood

pemﬁmum idex ~ 153 11 0325
ercentage of households that reponted only agriculture as o

@“"l' ol ncome

ercentage of households that a1 least one amily member
who works outside the commumity for their primany work
activity

Prurm.-&r of dependent people (15 vemrs ind 60 vears
old) -

Average lew

of educaiion of the head of the household
Avenige veas of fanning experience of the household head

@t’ﬁlﬂ){t’ of households that do ot associated with any
organi zation 0

Pereentage of bouseholds with access to information
resounes

Percentage of households had no access (o credit

atio of (the number of types of help received by a houschold
in the pastimonth 11 to (the number of tvpes of help given by
schold o someone else in the past moeath . 17
e of households that do not recdve any assistance
fror local govemment in the past 12 months
The
houschold < 1) e a howchold that grew nce. watenmeloa.

er

verse of (the number of crops grown by a

corm, and assava wouk! have acrop dnersity index | (4
0.20

Percentage of households that do not save crops rom each

harvest

Percentage of households that do not save seeds from vear 1o
year
Percentage of households repocted that the avadl

sl ol
i tor fanning was Bl consislent
ercentage of households that reposted a nver, borehole,
|, and dam as ther alternative water source tor rnung
ercentage of households that reported having heard about
conflicts over water for farming in their eommunity
Average diswiee of the nor ek! location o the noin
TRt KOs

Average area of o aomeres nice dd

Pereentage of housebolds reported as land owner

Avernge tune of gellng 1o the nearest heatth tacility for
househokd

Percentage of households that do ot vsit doctor during
illness

Householt reported the number of drought events in the past
ten years

Household reported the number of Hood events in the past ten
vears

tHouschokt reponed the number of ped attacks events in the
past len vears

Percentage of households that reported viekl fost due o
dixaster

it

WM,

W
|

48

(6)
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Table 3
LVI values of the downstream and upstream areis of Gantarang District.
Sub-componet (R4S Major conipoent LVI
Dowstrean Upstrenm Dos nstresnn Upstremnn
area area aren area
Agriculturad livelibood diversitication 072 0.36 Livelihood strategy 0.62 0.48
tHowsehold dependent solely on agriculture .66 0.56
Familsy members working i dittersnl conumunities 055 0.52
nduney ratio n41 0.49 Sociodemuogriphic pootile 0.34 0.42
“ducation level of household head 024 (.36
Fanning experience of household head 0.36 0.42 @
No membership with av conynunin 0.54 0.44 Socmal network 0.43 a.50
Howselolds with media access i the bouse 344 0.2

No aeoess 1o credit Joans n3o 0.51

Receivegiv 038 0.54
No aecess 1o Toca govemment assistance in the past 047 0.90
12 months
E08 diversins inden 054 0.13 Fuood 0.55 052
[:x\ ol save crops 0.49 (6%
yg’;u ave seeds 062 0.75
Do not have consistent waler supplh 045 .54 Water 09l 0.37
Ltz o nalural waler soulce tor Ginming .97 0.29
Winer contlict b33 0.27
Lamd location 059 0.26 Land 0.5% 0.26
Area of nee field 0.22 LR Y]
Land tesure 056 0.51
Travel Lime (o a health tocility 0.54 0.38 Healty 0.49 0.44
Pamily members did sot see i doctor imedical n44 0.49
services) during their illness

umber of drought events in the past (en vears 083 0.34 Natural disasters and climate 0.52 035
Number of lood events in the past ten years 015 0 variability
Number of pest anachs events in the past wn years 051 0.50
Lost crops due o disastes 059 0.29
Dveral 053 042

where CFgisan IPCC-defined contributing factor (exposure, sensitivity, or adaptive capacity ) tor each area.

27
. = N . N N g
Step 5. After the values of exposure, sensitivity, and adaptive capacity contributing factors have been calculated, then the three
contributing factors are combined using Equation

LVIBCC ;- fepayisg 7
%:\%rc LVI-IPCC4 is the value of LVI for cach arca ui - the IPCC vulnerability framework: ¢ is the calculated exposure score for each
arca which is equivalent to the major compo! natural disasters and climate variability; a4 is the adaptive capacity score caleulated
for each area, namely the weighted average e major cornponcm?‘ livelihood strategy, socio-demographic profile, and social
network: and sy is the ‘@itiv—ity scorc calculated tor cach arca, namely the weighted average for the major components of food, water,
land. and health. The [VI-IPCC is on scale from 1 {lcast vulnerable) to 1 (most vulnerable) ( ),

3. Results and discussion

3.1. Farmer's livelthood vulnerability index (LVI}

The LVI-IPCC tramewaork included 8 major components and 26 sub-compofziits in this study. These were determined by reviewing
literature, as well as the results of surveys and ficld interviews with fammers ( ! ).

The value of LVI and its components for the downstream and upsircam irrigaton arcas arc presented in . Farmers in the
downstream area had a higher vulnerability index (0.53) than farmers in the upsgcam area (0.42), and both were classified as
moderately vulnerable. The major components causing vulnerability in the downstream arca were livelihood strategy (0.62). food
(0.55), water (0.91), land (0.59), health (0.49), and natural disasters and climate variability (0.52). Farmers in the upsorcam arca were
more vulnerable than in the downstream arca due to two major components: social demography profile (0.42) and social network
(0.50).

Farmers in the downstream irrigation arca were highly vulnerable (0.62) in terms of livelihood strategy because they had lessdiverse
agricultural livelihoods (0.72), where they only grew rice and fruit crops. Other factors that contributed to the vulnerability were their
reliance on agricultural products as a source of income {0.60) and limited oppormnities to work outside the community (0.55). Crop
diversificaion and livelihood system diversification are strategies for reducing production risks caused by climate shocks (¢
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gg. 2. Spider web diagram of the major components of livelihood vulnerability index (LVI) for the downstream and upstream areas of Gantar
ang District

In terms ot socio-demographic profile, the level of vulnerability of farmers in the downstream and upstream irrigation arcas was
moderate (0.34 and 0.42). Farmers in the upstream area had a higher dependency ratio (0.49) than in the downstream area (0.41).
Based on education level, most of the houschold heads in the upstream area did not complete clementary 5:81!. limiting farmers’
ability to diversity their livelihood system when affected by climate change. Low levels of education limit access to information,
especially from written sources, thereby increasing vulnerability o climatic stresses (0 1 i LT Py In
terms of farming expenence, farmers in the upstream irfigated area were more vulnerable (0.42) than farmers in the downstream arca
(0.36). Lxperience is a valuable source of knowledge in farming, allowing [armers to identify climate change or other threats (

).

Farmers in the downstream and upsticam imrigation arcas were moderately vulnerable, according to the social network component
(0.43 and 0.50). Farmers’ vulnerability in the upseream arca was caused by three sub-components: restricted access to credit loans,
receive:give ratio, and access to local governmelil assistance. Farmers in the upstream arca had limited access to local government
assistance, making them highly vulnerable (0.90) to the effects of climate change. For receiving assistance and/or suppon from relatives
and neighbors, farmers in the upsream area were more vulnerable (0.54) than the downstream farmers (0.38). Farmers in the upstream
area were vulnerable because they lacked capital, had no personal savings in banks, and had no access to credit or loans. Instead. they
relied on intormal inancing systems and borrowed money from family and fricnds. Farmers who had access o credit, on the other hand,

were less vulnerable ( ). Similarly, the trad’tion of golong unon{.. (mutual mﬂmeum] and mutual trust in society
were the most important values in reducing vulnerability ( : iod i
).

The downstream and upstream arcas were moderately vulnerable to tood components (0.55 and 0.52, respectively). Farmers’ ability
to save sceds and crops indicated that they had anticipated climate threats but their ability o save sceds and cops was influenced by
storage space facilitics and financial conditions. Farmers who lacked storage and adequate financial resources must sell seeds and crops
to t household needs during climate shocks (1 : (0 |

‘armers in the downsream irigation area were highly \ulncrablc to water (0.91). As a result of drought, rice yields decreased
almost every year over the lastdecade. Further, they were highly vulnerable to using natural water sources, with a score of 0.97. Farmers
used other sources of water when irrigation supply was reduced, such as reservoirs or bore wells. Due to the drought events. the potential
tor contlicts over water use in the downstream irrigation arca was high (0.81). A study conducted in Vietnam reported that conflict
occurred when water was shared between rice cultivation and other utilizes, particularly for domestic uses such as drinking water and
washing. as well as other uses by hydropower, and other crops ( i pee),

In terms of the vulnerability of the land major components, the downstream area was modcerately vulnerable (0.59), whereas the
upstream area was not vulnerable (0.26). Both the downstream and upstream areas were classificd as moderately vulnerable (0.51 and
0.56, respectively) in terms of agneultural land ownership, but neither was vulnerable in terms of area of rice ficld (0.22 and 0.11,
respectively). Farmers in the downsoeam area are primanly sharecroppers, who faced constraints when making decisions during a
drought, such as the costs of purchasing water pumps. In terms of the effect of land ownership, i and

reported that land tenure was essendal for increasing agricultural producton, generating income, and gaining access 0
lvans.

Based on the overall health v ' rability score, the downsweam and upstream areas were moderately vulnerable. The downstream
arca was more vulnerable (0.54) in terms of the average ume for a houschold to reach a health facility than the upstream area (0.38).
Farmers in the downsoream and upstream areas were moderately vulnerable (0.44 and 0.49, respectively) due 1o a lack of awarcness
abour visiting health facilines when family members were sick. Farmers preterred alternative medicine, including herbal n: Yicine, as a
treatment. They visited a doctor only when their illness was severe. The average time traveling to health care tadlities is an importam
indicator of vulnerability (0 0 ey,

‘The wvulnerability of natural disasters and climate vanability in both regions were moderately vulnerable (0.52 and 0.35.
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Table 4
Values of the LV1 IPCC contributing factors for the downstream and upstream areas of Gantarang District
Contnbutng (acto IN-IPOC
Downstream area Upstream area
.ixi;uvlnr TAPACITY n46 n47
Sensitivity 066 42
Exposure 052 035
Overall 004 0.05
®  Downstream arca @ Upsiream arca

Adaptive capauity

.80
[{XE
040
0.20
000

L
® *
]

Faposure Sensin oy

ﬁg 3. Tnangle diagram ot the !1\'cllhuud vulnerability index Intergovernmental Panel on Chimate Change (LVIIPCC) for the downstream and
upstream areas of Gantarany [District.

respectively). The sub-component of the number of droughts showed that the downstream area had high vulnerability (0.83). The
incareasce in pest atiacks contributed o modcrate vulnerability in both arcas, with a score of 0.51 in the downstream and 0.50 in the
upstream. The index values in the upsteam arca were (.15 and 0.27 in the downstream area, indicating that the two study locanons
were not vulnerable to flooding. Farmers experienced a decrease in rice production with a vulnerability scare of 0.59 in the downstream
and 0.29 in the upstream. The re this study indicated that drought, pest attacks, and flooding all have an impact on lowland rice
productivity. These was consistent with the findings of ! and | : . who found that droughts, floods,
and pest ¥ 8acks have the greatest impact on rice production by reducing rice vield and vegetauve growth.

The results of the cight major components of LVI are summarized in a spider web diagram in . This shows the vulnerability
index of the livelihood system ranging from not vulnerable (0.11) to highly vuinerable (0.97).

3.2, LVIIPCC jor the downstream and upstream areas of Gantarang District

T'he LVI-IPCC results indicated gm:m'ulncrabilily in the downstream area (0.04) than in the upstream arca (- 0.05) (0 1.
- depicts the impact on the criteria for adaptive capacity. sensitivity, and exposure. This shows that the downstream area was more
exposed to chimate change impacts (0.52) than the upstrcam arca (0.35).

Based on the contributing factor of sensitivity, farmers in the downstream area were vulnerable to all major components, with a very
high vulnerability to the water availability component, and a moderate vulnerability to the food, land, and health components. In terms
of adaptive capacdity, the downstream and upstream arcas were in the moderate vulnerability range (0.46 and 0.47, respectively). The
sensitivity and exposure components in the duv?cam arca had a higher vulnerability index than the adaptive capacity. Consistent
with this finding. stated that houscholds with low adaptive capacity will struggle o deal with the harmtul effects of
climate hazards, as this is the foundation for managing vulnerability and taking adaptation actions. It can be stated that farmers with a
high exposure value and relatively low adaptive capacity become more sensitive to climate change and are affected by its negadve
etfects, increasing their vulnerability.

4. Conclusions

This study applied the LVl and LVIIIPCC to assess the chmate vulnerability of fammers’ hivelihood systems in the downstream and
upstream arcas ot Gantarang Distnict, South Sulawesi, Indonesia, with intormation collected at the hous&*&d level. This study found
that these indices were uscful tools for asscsg livelihood vulnerability. Due to their high sensitvity to natural disasters and climate
variability, farmers in the downstream area were found to be more vulnerable to the effects of climate change than farmers in the
upstrcam arca. The major componcents that cangibuted to vulnerability in the downstream arca were livelihood strategy. tood, water,

p=1
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land, health, and hli'fuml disasters and climate vanability. The downsoream arca was E.md to be highly vulnerable in the sub-
components of agriculwral livelihood system diversification, adequacy of water supply for farming, and drought events.

This rescarch provides contrib@¥ihs to the current literature on vulnerable groups, as well as the factors that conmibute 1o the
vulnerability of livelihood syits uc to the impacts of climate change. The findings can be used by local govemments to develop
climate risk assessments. In adaptation planning, espedally at the local level, priority should be given to poor farmers, especially
sharecroppers who rely heavily on agriculmural products. Government interventon in sustainable livelihood strategies and sustainable
intensification techniques is needed. such the intoduction of drought-tolerant rice varicties, integrated pest management. flood
management, and carly waming systems. Providing education and maining to increase adaptive capacity is one of the appropriate
adaptation strategies for vulnerable households. Moreover, priority programs for famme! downstream area in developing drought
resilience strategies, particularly by improving imigation infrastructure, are cal. Several limitations of this study should be
considered tor future research. The primary data used were affected not only by climate change but also by the COVID-19 pandemic.
particularly 1n the components of livelihood strategy, food, and health. Apars trom that, disaggregating vulnerabihity ar the household
level would cnable luwre rescarch to identify context-specific factors.
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