FORESTRY IDEAS, 2024, vol. 30, No 2 (68): 244-260

Agroforestry coffee reduces household vulnerability
to climate change

Fembriarti Erry Prasmatiwi' ™, Rusdi Evizal? = Tri Novi Astuti'™",

and Asyifa Rahmita Zahra?

'Department of Agribusiness, Faculty of Agriculture, Lampung University, Jalan Soemantri
Brodjonegoro 1, Bandar Lampung 35145, Indonesia. "E-mail: fembriarti.erry@fp.unila.ac.id
°Department of Agrotechnology, Faculty of Agriculture, Lampung University, Jalan Soemantri
Brodjonegoro 1, Bandar Lampung 35145, Indonesia.
3Department of Agricultural Socioeconomics, Faculty of Agriculture, Gadjah Mada University,
Bulaksumur, Catur Tunggal, Yogyakarta 55281, Indonesia.

Received: 18 July 2024 / Accepted: 09 October 2024 / Available online: 17 October 2024

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License.

Abstract

Global climate change impacts all aspects of human life, including agriculture. Coffee is a
major export commodity for Lampung Province. El Nifio and La Nifia can reduce coffee produc-
tion by 80 %. Agroforestry coffee planting pattern is one of the steps to minimize the impact of
climate change. This research, conducted from November 2022 to March 2023 in West Lampung
Regency, focused on the Way Tenong, Air Hitam, and Batu Brak sub-districts. A survey method
was employed, and a sample of 233 coffee farmers was selected through random sampling. The
samples in this research were divided into three groups, namely monocropping coffee systems
(MCS), simple agroforestry systems (SAFS), and complex agroforestry systems (CAFS). The
level of livelihood vulnerability of farm households was analysed using the Livelihood Vulnerability
Index. Overall, farm households on monoculture coffee farms had higher livelihood vulnerability
compared to farm households on SAFS and CAFS. Factors significantly affecting the vulnerability
of coffee farming households to climate change include farmers’ knowledge of climate change,
drought, rainfall patterns, pest and disease outbreaks, as well as the adoption of SAFS and
CAFS. Implementing agroforestry systems in coffee farming can help reduce this vulnerability.

Key words: agroforestry coffee farmer, coffee production, Indonesia, West Lampung.

Introduction

In Indonesia, climate change is charac-
terised by changes in average daily tem-
perature, rainfall patterns, rising sea lev-
els, seasonal shifts, and climate variability
events, such as El Niflo and La Nifia which
cause extreme drought and high-intensity

rain. In plantation crops, these changes in
rainfall patterns and intensity can lead to
decreased productivity, shifts in flowering
and harvest seasons, and changes in land
suitability (Sarvina et al. 2023).

Indonesia ranks as the fourth-largest
coffee producer globally, with an average
annual production of 725,680 tons from
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2016 to 2020, representing 7.21% of glob-
al coffee output. Lampung Province is a
key robusta coffee-producing region, con-
tributing 113,739 tons (14.68% of nation-
al production) in 2022. Within Lampung,
West Lampung Regency is the largest
producer, accounting for 55,080 tons or
48.43% of the province’s robusta coffee
production (Direktorat Jendral Perkebu-
nan 2023).

Coffee is a climate-sensitive plantation
crop (Bacon et al. 2017). Climate variabil-
ity causes dynamics in coffee production
(Chengappa and Devika 2016, Pham et
al. 2019). Changes in climate variabil-
ity as a result of climate change have a
very significant effect on the growth and
development of coffee plants, production,
and economic life of coffee farmers. An in-
crease in the intensity of climate anoma-
lies due to climate change events such as
El Nifio has caused a decrease in coffee
production by 34.79 %, as well as during
La Nifa, the output of coffee produc-
tion decreased by 98.5 % (Supriadi and

Pranowo 2015).

Climate change in West Lampung re-
sults in high rainfall variability which caus-
es variations in coffee productivity (Fig. 1).
When the weather is good, coffee produc-
tivity can reach above 1000 kg-ha™, but
when the climate is unfavourable, produc-
tivity drops to 800 kg-ha™'. Resulted in re-
ducing farmers’ income. To reduce the im-
pact of climate change, active efforts are
needed to anticipate it through mitigation
and adaptation strategies. Coffee farming
patterns with agroforestry systems, which
add trees to the farming system or com-
bine crops and trees, can be a solution to
address climate change by adopting mit-
igation and adaptation measures (Nan-
dakishor et al. 2022) and help farmers
earn a sustainable income (Supriadi and
Pranowo 2015, Meragiaw 2017).

It is common for agroforestry systems
to alter the risk of drought and flood im-
pacts (van Noordwijk et al. 2016). Trees
can reduce the consequences of climate
change, storing carbon in biomass, and
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Fig. 1. West Lampung coffee productivity 2012—-2022.
Sources: Badan Pusat Statistik (2022), BPS Provinsi Lampung (2023a, 2023b.)
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soil and reducing atmospheric carbon
dioxide (Hairiah et al. 2020). In addition,
agroforestry can reduce land degradation
(Mohebalian and Aguilar 2018). Agrofor-
estry systems provide options to mitigate
climate change with the possibility of in-
creased crop yield and provide environ-
mental benefits such as climate change
adaptation (Coulibaly et al. 2017). Coffee
agroforestry systems can mitigate project-
ed climate change impacts by modifying
the microclimate without reducing coffee
productivity.

Coffee productivity with agroforestry
systems tends to be more stable over the
years than with coffee systems without
shade (Nandakishor et al. 2022). Accord-
ing to Gidey et al. (2020), coffee produc-
tion with agroforestry systems has a high-
er level of resilience in the face of climate
change. Agroforestry systems can reduce
the vulnerability of smallholders and act
as a buffer for their livelihoods (Van Noor-
dwijk et al. 2011, Minang et al. 2015).

In West Lampung Regency, not all
farmers apply agroforestry systems on
their coffee plantations. Prasmatiwi et
al. (2010) reported that based on shade
plants on coffee plantations, coffee cul-
tivation was categorised into three: 1)
monoculture or non-agroforestry coffee
farming, 2) coffee farming with one type
of intercropping plant or one type of dom-
inant shade plant, and 3) coffee farming
with complex or multi-strata agroforestry
systems, namely coffee with various inter-
cropping plants.

Coffee or cocoa plantations may be
classified into monoculture without shade
trees, monoculture with specialised shade
trees (especially legume trees), and poly-
culture with complex shade trees (Somar-
riba and Lachenaud 2013). Pribadi et al.
(2023) classified coffee plantations into
monoculture (non-agroforestry), simple

agroforestry, and complex agroforestry.
More specifically, Mattalia et al. (2022)
classified cocoa plantation as monocrop-
ping if cocoa is grown under the sun (with-
out shade tree), SAFS if cocoa is grown
under 1-3 shade tree species, and CAFS
if cocoa is grown under more than 3 shade
tree species.

Research analysing farmers’ vulnera-
bility due to climate change has appeared
before, reported by Dias et al. (2023),
Quiroga et al. (2020), and Rahn et al.
(2014). However, research examining
whether non-agroforestry (monocropping)
coffee farmers are more vulnerable to cli-
mate change compared to agroforestry
coffee farmers has not been conducted.
This research aims to assess whether
agroforestry systems in coffee plantations
can mitigate the vulnerability of farming
households to climate change in West
Lampung Regency and to identify the fac-
tors influencing the level of vulnerability
among coffee farmers.

Method

Field research was conducted from No-
vember 2022 to March 2023. Research-
ers employed a survey-based approach,
gathering primary data through direct in-
terviews with coffee cultivators. The re-
search respondents were coffee farmers
in 3 coffee production center sub-districts
in West Lampung, Indonesia, namely
Batu Brak, Way Tenong and Air Hitam
sub-districts. We selected 8 villages for
the research and a visual representation
of these sub-districts geographical loca-
tions is provided in Figure 2.

This research included 233 coffee
farmers, categorised into three groups
based on the classification adapted from
Mattalia et al. (2022): (1) monocropping
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coffee systems (MCS), (2) simple agro-
forestry systems (SAFS), and (3) complex
agroforestry systems (CAFS). In MCS
(non-agroforestry system), coffee trees
are grown alone without any shade. In
SAFS, they are cultivated with up to three
shade tree species. In CAFS, coffee trees
are grown with four or more shade tree
species. The number of respondents in
each category is detailed in Table 1.

Table 1. Respondent categories.

Number
Categories of respon-
dents
Monocropping coffee systems 69
Simple agroforestry systems 91
Complex agroforestry systems 73
Total 233

Researchers examined the suscep-
tibility of coffee growers using the Liveli-
hood Vulnerability Index (LVI), a frame-
work established by Hahn et al. (2009).
Vulnerability, as defined by Adger (2006),
describes how prone individuals or com-
munities are to disruptions in their way of
life caused by social and environmental
shifts. LVI methodology evaluates sever-
al crucial factors, including demographic
characteristics, financial resources, ed-
ucational attainment, consumption pat-
terns, food availability, access to water,
exposure to natural calamities, and fluctu-
ations in climate conditions.

LVI analysis, as outlined by the Inter-
governmental Panel on Climate Change
(IPCC) (LVI-IPCC), indicates that vulner-
ability is determined by adaptive capacity,
sensitivity, and exposure. This framework
allows respondents to openly assess var-
ious questions related to these factors.
The indicators used for LVI measurement
are detailed in Table 2.

The data used in the index calcula-

tion has different units and weights so it
needs to be standardised to equalise the
weights using equations (1) to (5) (Hahn
et al. 2009).
S- Smin

IndeXSd Smax - Smin ’ (1)
where: Index_, is a standardised value of
each subcomponent, S is the observed
value of each subcomponent, S and
S, are the maximum and minimum val-
ues for each subcomponent.

After determining the subcomponent’s
value, the next step is to calculate the val-

ue of the main component using equation

(2).

nlndexs
M=> - < 2)

where: M, is one of the eight main compo-
nents, Index_, is the sum of the subcom-
ponents, and n represents the number of
subcomponents within each main compo-
nent.

After calculating the values for each
main component, they must be averaged
to determine the overall LVI level using
equation (3) (Manaye 2024).

8
L) = 2 M

Zj; Wmi

where: LV/is vulnerability of each agrofor-
estry system, determined from the weight-
ed average of the eight main components,
W . is the weight of each main component,
and M, is the main component.

LVI employs a scale ranging from 0 to
1, where the lower bound signifies mini-
mal vulnerability and the upper bound
represents maximum vulnerability. In cal-
culating the LVI-IPCC index, researchers
evaluate three main vulnerability factors
as outlined by the IPCC: sensitivity, adapt-
ability, and exposure. Although it uses the
same indicators as LVI, LVI-IPCC index
integrates them based on their contrib-
uting factors before combining the main

, @)
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Table 2. Indicators for measuring vulnerability of farming households.

Parameter Main component

Definition

Reference

Natural

disasters Natural disasters experienced by farmers

Hahn et al. (2009),

Exposure an.d. climate vari- in the last decade due to climate variabil- Ho et al. (2022)
ability ity.
Farmer traits refer to the attributes of
Adaptation Socio-demograph- farmers, such as age and gender, that Hahn et al. (2009),
ics affect their understanding and reaction to Shen et al. (2022)
climate change impacts.
The attributes of farmers that shape their
Education understanding of and reactions to the Hahn etal. (2009),
. Shen et al. (2022)
consequences of climate change.
The various sources of revenue for farm- Hahn et al. (2009),
Income ers influence their vulnerability to climate Murniati et al.
change. (2017)
Consumption encompasses the sourc-
es and factors related to farmer’s dietary Hahn et al. (2009),
Consumption habits, such as rice consumption and sta- Murniati et al.
ple food choices, which affect their vulner- (2017)
ability to climate fluctuations.
The characteristics of a farm and ele-
ments that affect the resilience of liveli- Hahn et al. (2009),
Sensitivity  Agriculture hoods to climate change, including farm Murniati et  al.
size, shade-producing crops, and crops (2017)
other than coffee.
Water Availability of water for farmers to irrigate Adu et al. (2018),
their fields amid climate change impacts. Ho et al. (2022)
Food security and the elements influenc-
Food ing farmers’ susceptibility to climatic shifts Hahn et al. (2009),

encompass crop diversification and the
capacity to preserve crops.

Adu et al. (2018)

components. The value for each contrib-
uting factor is determined using equation
(4).

"W M,
CFdZZi:1 mi dij

27:1 W

where: CF, represents an /PCC defined
contributing parameter (adaptive capac-
ity, sensitivity, and exposure) for region
‘d’, M, denotes the main component for
region ‘d’ indexed by i; W__is the weight of
each main component, n is the number of
main components within each contributing
parameter.

; (4)

After quantifying adaptive capacity,
sensitivity, and exposure, the three con-
tributing parameters are combined using
equation (5).

LVI-IPCC = (e,—a,)-S, (5)
where: LVI — IPCC is for region ‘d’ based
on the IPCC vulnerability framework.
In this context, e, denotes the exposure
score calculated for region ‘d’ (including
climate variability and natural disaster
components), S, denotes the sensitivity
score (weighted average of the biophys-
ical environment, agriculture, and water
systems), and a, denotes the adaptive ca-
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pacity score (weighted average of assets
and wealth, social networks, socio-demo-
graphics, and physical assets) (Asfaw et
al. 2017). LVI - IPCC framework employs
a scale ranging from -1 to +1, with -1 indi-
cating minimal vulnerability (adaptive ca-
pacity exceeds sensitivity and exposure),
0 indicating moderate vulnerability (adap-
tive capacity and exposure are balanced),
and +1 indicating high vulnerability (sen-
sitivity and exposure exceed adaptability)
(Hahn et al. 2009).

Factors influencing the vulnerability
level of coffee farmers to climate change
were analysed using binary logistic re-
gression. This analytical approach exam-
ines the correlation between a binary or
dichotomous dependent variable (y) and
independent variable (x) which can be
quantitative, qualitative, or a combination
of both (Hosmer and Lemeshow 2000).
In this research, the dependent variable
(y) has two categories: ‘not vulnerable’
(y=1) and ‘vulnerable’ (y = 0). The criteria
for vulnerable and not vulnerable are de-
termined by LVI-IPCC scale of -1 --0.4 is
not vulnerable, -0.41 — 0.3 is vulnerable,
and 0.31 — 1 is highly vulnerable (Hahn
et al. 2009). The independent variables
include land area, education, climate
change knowledge, age, drought level,
rainfall, pest and disease attacks, number
of adaptation strategies, simple agrofor-
estry system, and complex agroforestry
system. The logistic regression equation
is based on the probability function 1(x)
= E(Y|x), where E(Y|x) represents the ex-
pected value of Y given x. The interpreta-
tion of this probability function is detailed
in equation (6).

Bo+B1-x1+B2-X2+...Bp-Xp

n(x)=—2

1+eBo+B1‘X1+I32'X2+---ﬁp-Xp . (6)

Then a logit transformation is per-
formed to simplify equation (6) in logit

form as in equation (7).
g(X):h{ )

1- T[(X)
where: B, is the intercept, B_ is the regres-
sion coefficient of p-th variable estimator,
and x is the estimator variable.

The logistic regression model with pre-
dictor variables is a logit model, where the
function is a linear function of the param-
eters. In assessing the impact of the inde-
pendent variables on the dependent var-
iable, the Likelihood Ratio (LR) test and
Wald test are utilised.

:|:BO+B1.X1+UBp.XpJ(7)

Result and Discussion

Characteristics of respondents

The characteristics of coffee farms of
sampled farmers are shown in Table 3.
The average land size of MCS is 1.1 ha
which is similar to land size of SAFS, while
land size of CAFS is 1.51 ha. In this re-
search, farmers of those three categories
are the owner of the land. Age of the av-
erage coffee plants in the three categories
is almost the same, range between 22-23
years. The number of coffee trees per ha
of MCS is greater than those of SAFS and
CASF. In SAFS and CAFS, beside coffee
trees, there are intercrops including pep-
per (Piper nigrum L.) and banana (Musa
paradisiaca L.), and shade trees including
Gliricidia sepium (Jacq.) Walph., Erythri-
na subumbrans (Hassk.) Merr.), Dalber-
gia latifolia Roxb.), and Maesopsis eminii
(Engl.).

Coffee productivity in CAFS was
948 kg-ha', surpassing that in SAFS
was 859 kg-ha and in MCS 817 kg-ha.
Farmers typically sell their coffee to village
intermediaries. The price at which coffee
is sold varies based on its quality and the
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Table 3. Coffee farming profile.

Monocropping coffee

Simple agroforestry = Complex agroforestry

Description systems systems systems

mean max min mean max min mean max min
Land area, ha 111 400 025 116 400 050 151 7.00 040
t'\r';’emsbe’ ofcoffee o550 4000 1250 2472 3000 1000 2390 3100 1000
Age of coffee 2390 60.00 500 2242 5000 3.00 2373 2000 4.00
plant, years
Number of in-
tercrops, trees - - - 236 198 584 349 295 669
per ha
I(E)Og_ekz,?”ce' 24,159 27,000 21,000 24,016 27,000 21,000 24,236 27,000 21,000
Coffee productiv- - g17 4350 300 859 1510 467 948 1690 400
ity, kg-ha™

Note: 1 IDR =60,085,037-10"> € and 1 € = 16,645.3 IDR.

selling location. The average selling price
of coffee was IDR 24,159-24,236 per kg.

Income from agroforestry coffee farm-
ing is derived from two sources: revenue
from coffee plants and earnings from inter-
cropped plants. In MCS, farmers earned
intercropping income of IDR 435,628 per
ha in total. In SAFS, farmers get income
from pepper plants climbed on gliriside
plants and banana and chili plants. The
total revenue of intercropping simple
agroforestry systems is IDR 2,528,968. In
the CAFS, farmers get additional income
from avocado (IDR 267,428), pepper (IDR
1,201,228), banana (IDR 760,928), cloves
(IDR 96,285), jengkol (IDR 248,571), pe-
tai (IDR 85,714), durian (IDR 232,857),
and chili (IDR 113,571). The income of in-
tercropping complex agroforestry systems
is IDR 3,296,728 per ha.

The average income of coffee farming
in CAFS was the highest compared to oth-
er systems at IDR 21,247,112. The find-
ings of this research align with Huhasna
et al. (2021), which indicate that the aver-
age net income from coffee agroforestry

systems is higher compared to that from
coffee agroforestry systems with a single
plant type (monoculture).

Farmer’s knowledge of climate change

Overall, farmers’ insights on climate
change is mainly linked to the impact of the
rainy and dry seasons. The most striking
climate change felt by farmer households
in the three agroforestry systems is the in-
crease in rainfall. The increase in rainfall
that was felt by farmers occurred in April
and May, which amounted to 27.27 % and
136.09 % (Badan Pusat Statistik 2022).
The increase in rainfall was felt by farm-
ers, considering that this month was the
coffee harvest season. Increased rainfall
can cause flowers, pistils, and fruit to rot
and hamper the harvest process (Evizal
et al. 2019). In addition, due to increased
rainfall, farmers need more time to spend
drying coffee. Farmers need about more
than two weeks. As much as 81.16 %
farmers of MCS felt the increased rainfall
more than the other two agroforestry sys-
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tems.

The impacts of climate change most
commonly experienced by farmers in
monocropping coffee systems as well as
in simple and complex agroforestry sys-
tems include pests and plant diseases.
According to Syakir and Surmaini (2017),
climate change can exacerbate the prev-
alence of coffee pests and diseases, such
as coffee fruit borer and leaf rust. Addi-
tionally, changes in rainfall intensity are
among the most noticeable impacts of
climate change for farmers. In monocrop-
ping systems, 81.16% of farmers reported
experiencing more significant effects from
changes in rainfall intensity compared
to those in agroforestry systems. This is
because monocropping systems do not
use shade, so increased rainfall directly
impacts the coffee plants, potentially re-
ducing flower and fruit production due to
decreased photosynthesis from increased
cloud cover. In addition, farmers also ex-
perienced crop failure as a consequence
of climate change. Most MCS coffee farm-
ers (563.62 %) experienced a production
decline. In contrast SAFS coffee farmers
(36.56 %) and CAFS (26.03 %) experi-
enced a production declining. This crop
failure is due to coffee fruit fall and coffee
fruit drive disease due to increased rain-
fall. Harvest failure can also refer to the
percentage of farmers who experienced a
decreased production.

Exposure index

The purpose of calculating the exposure
index is to have a closer sense of the im-
pacts of climate change experienced by
farming households. Based on Table 4,
MCS coffee farmers have a greater expo-
sure index (0.44) than SAFS and CAFS
(0.36 and 0.30). A higher exposure in-
dex indicates that coffee SAFS farmers

in MCS are more vulnerable to climate
change compared to those in SAFS and
CAFS. Indicators that influence this are
the increased risk of landslides and cli-
mate extremes. Climate extremes report-
ed by farmers in the research location re-
fer to increased rainfall and a prolonged
rainy season. SAFS and CAFS have a
lower exposure index because the shade
trees help mitigate the impacts of climate
change. Additionally, climate change can
increase the risk of landslides. MCS cof-
fee farming is more vulnerable to landslide
risk (0.72) than SAFS (0.49) and CAFS
(0.30). Agroforestry systems play a very
important role in retaining run-off, which
significantly reduces the occurrence of
floods and landslides.

Another impact of increased climate
extremes due to increased rainfall and
prolonged rainy seasons is increased pest
and plant disease attacks. Increased rain-
fall can reduce the ambient temperature,
making coffee berry borer pests and rust
disease spread faster. MCS coffee farm-
ers are more susceptible to pests (0.52)
than SAFS and CAFS (0.48 and 0.38).
Pests spread more rapidly in coffee farms
without shade plants. However, the use of
shade plants in coffee farms can help re-
duce the rate at which pests and diseases
spread (Rice 2018).

Sensitivity index

The calculation of the sensitivity index
is intended to evaluate how susceptible
farm households are to climate change.
Results of Table 5 show that in the main
component of agriculture, farm house-
holds on MCS have a higher sensitivity
(0.23) than farm households on CAFS
(0.39). This sensitivity is because the av-
erage farm household in MCS does not
have farms other than coffee. MCS coffee
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Table 4. Subcomponent, main component, and exposure index values due to climate

change.
. Subcomponent Main component
Main
component Subcomponent value value
P MCS SAFS CAFS MCS SAFS CAFS
Households not aware of climate - 3 48 014 044 036 030
change information
Number of drought-affected 028 027 027
Natural  households
disa§ters Frequency of climate extremes 046 051 043
and climate Increases
variability Heat and soil drying out early 0.34 024 0.25
Crop failure 041 036 0.33
Landslide risk 0.72 049 0.30
Pests and diseases 052 048 038
Exposure index 0.44 0.36 0.30

Table 5. Subcomponent, main component values, and sensitivity of farm households
to climate change.

Main Subcomponent value Main component
compo- Subcomponent value
nent MCS SAFS CAFS MCS SAFS CAFS
Land area cultivated 0.10 0.11 0.15 0.23 0.23 0.39
Percentage of househ.olds with 0.65 0.62 0.66
Agricul- income other than agriculture
ture Number gf shade plants that 0.10 0.12 0.12
produce yields
Percentage of households with 0.12 0.16 011
farms other than coffee e
Percentage of households that 0,50 052 056 043 042 039
grow food crops
Food Percentage of households that 0.04 0.05 003
have savings
Share of.households that never 075 0.70 059
store their harvest e
Water availability is limited 0.20 0.28 0.06 041 040 0.26
Using water wisely 0.49 0.47 0.38
Apply irrigation 0.38 0.30 0.23
Water Nymber of households with ar- 038 035 022
tificial water sources
Share of households that use
water not from natural sources 62.32 59.34  41.10
for household needs e
Sensitivity index 036 035 0.34
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farmers depend solely on coffee farming
as their main source of income. If both
quantity and quality of farm production di-
minished due to climate change impacts,
farm households on MCS are more affect-
ed by other agroforestry systems (Minai et
al. 2014).

Based on the main component values
for the food indicator, MCS coffee farmers
exhibit higher sensitivity (0.43) compared
to farm households in other agroforestry
systems (0.42 and 0.39). This higher sen-
sitivity is due to most MCS coffee farm-
ers not storing their crops or planting food
crops, resulting in a lack of food reserves.
Consequently, if climate change impacts
reduce the quantity and quality of farm
production, MCS coffee farmers are more
significantly affected in meeting their food
needs compared to those in SAFS and
CAFS systems. In the water indicator, the
sensitivity level of the main component for
farm households in MCS is higher (0.41)
compared to those in other agroforestry
systems, which have sensitivity levels of
0.40 and 0.26, respectively. This sensitivi-
ty is because most of MCS coffee farmers
do not have a fixed water source such as
a well compared to farm households in
other agroforestry systems. MCS coffee
farmers mostly rely on rain-fed systems,
thus vulnerable to droughts and water
shortages (Gidey et al. 2020).

Adaptability index

Calculating the adaptive capacity index
is essential for understanding how farm-
ing households make efforts to cope with
climate change. Based on Table 6, CAFS
coffee farmers have better adaptability
(0.42) compared to MCS (0.37) and SAFS
coffee farmers (0.39). The most influential
main component for farm households on
CAFS in adaptability is income. House-

holds in CAFS farms earn more income
than farm households in other agroforest-
ry systems because most of them have
income from non-farm sources. Thus, in
the event of climate change that affects
their farming activities, complex agrofor-
estry systems farming households still
have income reserves. According to (Pur-
boningtyas et al. 2018) livelihood diversifi-
cation is one of the economic adaptations
carried out by farmers.

Livelihood vulnerability of farming
households using the LVI method

The vulnerability status of farm house-
holds from climate change can be deter-
mined through LV/ values formulated by
Hahn et al. (2009). Table 7 shows that
MCS coffee farmers (0.46) experience
natural disasters and climate variability
more than SAFS (0.38) and CAFS cof-
fee farmers (0.30). Both areas have rel-
atively moderate values because they
are not disaster-prone areas. The losses
experienced are economic losses caused
by climate variability in coffee farming ac-
tivities. Generally, MCS coffee farmers
have higher livelihood vulnerability than
in SAFS and CAFS coffee farmers. This
result is indicated by LV/ values of 0.39
for MCS coffee farmers, 0.35 for SAFS,
and 0.33 for CAFS. Both regions have
relatively moderate livelihood vulnerability
relative to the LV/ scale of 0 to 0.5.

Livelihood vulnerability of farming
households using the LVI-IPCC
method

The calculation of livelihood vulnerability
to climate change using the LVI-IPCC in-
volves combining the values of the seven
main components. A higher LVI-IPCC val-
ue indicates greater livelihood vulnerabil-
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Table 6. Subcomponent, main component values and farmer household adaptation to cli-
mate change.

Main

Subcomponent
component

Subcomponent Main component
value value

MCS SAFS CAFS MCS SAFS CAFS

Number of female household
heads
Socio-demo- The average age of household
graphics  head
Number of unproductive family
members
Total household income
Income Number of households with off-
farm income
Household head education < 9
years
Number of household members
with > 9 years of education
Amount of household rice con-
sumption per day
Whether or not there is a combi-
nation of staple food consump-
tion
Number of staple food combi-
nations

Education

Consump-
tion

0.01 0.00 0.01 024 022 0.25

0.47 047 0.50

0.25 047 0.22
0.14 0.17 031 040 039 055
0.65 0.62 0.79

0.52 0.59 042 033 039 0.31

0.14 0.18 0.19

0.18 0.21 020 050 056 0.56

0.96 1.00 1.00

0.37 048 0.49

Index adaptive

037 039 042

Table 7. LVI value, farm household livelihood vulnerability index to climate change.

Main component

Main component value

MCS SAFS CAFS
Natural disasters and climate variability 0.46 0.38 0.30
Socio-demographics 0.24 0.22 0.25
Income 0.40 0.39 0.55
Education 0.33 0.39 0.31
Consumption 0.50 0.56 0.56
Agriculture 0.24 0.26 0.39
Food 0.43 0.42 0.39
Water 0.41 0.40 0.26
LVI 0.39 0.35 0.33

ity due to climate variability. According to
the results in Table 8, farmer households
in MCS exhibit higher livelihood vulnera-
bility (0.03) compared to those in SAFS

(-0.01) and CAFS (-0.04). The elevated
exposure and sensitivity indices (0.44 and
0.36, respectively), coupled with a lower
adaptability index (0.37), demonstrate
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Table 8. Farm household LVI-IPCC value.

LVI-IPCC parameter MCS SAFS CAFS
Exposure 0.44 0.36 0.30
Adaptability 0.37 039 042
Sensitivity 0.36 0.35 0.34
LVI-IPCC 0.03 -0.01 -0.04

that monoculture coffee systems are more
severely impacted by climate change and
less capable of adapting to its effects.
This limited adaptability in monoculture
systems makes farmers more vulnerable
in terms of their livelihoods.

Factors affecting the level of
vulnerability of coffee farmer
households

The analysis results in Table 9, show that
farmers’ knowledge of climate change
has a negative coefficient and is signifi-
cant at the 1% level. This indicates that
the vulnerability index for farmer house-
holds with knowledge of climate change is
0.2186 lower than for those without such
knowledge. The lack of awareness about
climate change means that uninformed
farmers are less likely to implement ad-

aptation strategies during disasters.
Consequently, farmers who are unaware
of climate change are more vulnerable
than those who are informed. The level
of drought related to climate change has
a positive coefficient and is significant at
the 5% level. This means that each unit
increase in drought severity raises the
vulnerability index by 1.2922. The direct
impact of drought on farmers is a reduc-
tion in crop production, which lowers their
income and increases their vulnerability
to climate change. Additionally, the lack
of awareness among farmers about the
importance of building water reservoirs
during the dry season hampers their abili-
ty to adapt to climate change.

Rainfall related to climate change has
a positive coefficient and is significant at
the 1% level. This indicates that each unit
increase in rainfall raises the vulnerability
index by 3.4513. Erratic rainfall significant-
ly impacts household exposure levels, as
inconsistent rainfall can reduce crop pro-
duction. In fact, 53.62 % of farmers in
monoculture coffee systems reported a
decline in yields due to increased rainfall
associated with climate change.

Table 9. Factors affecting the level of vulnerability of coffee farming households.

Variable Coefficient Std. Error z-statistic Prob. Odds ratio
Constant -0.5791 2.0608 -0.2810 0.7787 0.5604
Land area -0.3217 0.2529 -1.2723 0.2033 0.7249
Education 0.0547 0.0576 0.9508 0.3417 1.0562
Climate change knowledge -1.5205*** 0.4202 -3.6185 0.0003 0.2186
Age -0.0136 0.0143 -0.9549 0.3396 0.9865
Drought level 0.2564** 0.1289 1.9886 0.0467 1.2922
Rainfall 1.2387*** 0.2785 4.4477 0.0000 3.4513
Pest and disease attacks 1.3492** 0.2874 4.6938 0.0000 3.8544
Total adaptation strategy -0.4486 0.2420 -1.8532 0.0639 0.6386
Simple agroforestry systems -0.8467* 0.4141 -2.0449 0.0409 0.4288
Complex agroforestry systems  -0.9850** 0.4665 -2.1117 0.0347 0.3734

Note: *** — significant at the a 1%, ** — significant at the a 5%, * — significant at the a 10%;
z-statistic is coefficient/std error, Prob. is the probability of error for 8, or B, predicted separately.
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Pest and plant disease attacks have a
positive coefficient and are significant at
the 1% level against climate change. It
means that every one time increase in pest
and plant disease attacks will increase the
vulnerability index by 3.8544. More than
60 % of farmers in the three agroforestry
systems experienced increased pest and
plant disease attacks due to increased
temperature and rainfall. Increased pest
infestation and plant diseases make farm-
ers more vulnerable to crop failure.

Simple and complex agroforestry sys-
tems have negative coefficients and are
significant at the 5% level against climate
change. It means that the vulnerability
index of households of simple and com-
plex agroforestry systems is 0.4288 and
0.3734 lower than that of monoculture
farmer households. Paudel et al. (2022)
said that agroforestry practices contribute
to climate change mitigation and adapta-
tion while reducing their vulnerability to
climate impacts. This statement is con-
sistent with the LVI-IPCC values (Table 8),
which indicate that complex and simple
agroforestry systems are less vulnerable
to climate change compared to mono-
cropping coffee systems.

Conclusions

Overall, farm households engaged in
monocropping coffee systems exhib-
it higher livelihood vulnerability (0.03)
compared to those in simple (-0.01) and
complex agroforestry systems (-0.04).
In other words, incorporating agroforest-
ry systems in coffee farming can reduce
the vulnerability of farm households to
climate change. The use of shade crops
plays a significant role in both mitigating
and adapting to climate change. Factors
that significantly impact the vulnerability

of coffee farming households to climate
change include farmers’ knowledge of cli-
mate change, drought levels, rainfall pat-
terns, pest and plant disease infestations,
and the use of simple and complex agro-
forestry systems. Climate change leads to
adverse social, economic, and environ-
mental effects.

To reduce the vulnerability of coffee
farming households to climate change, it
is recommended that farmers implement
a coffee agroforestry system by planting
shade trees and economically valuable
plants, such as spices and fruit trees.
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