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ARTICLE INFO ABSTRACT

Climate change is likely to generate severe impacts on smallholder farmers in developing countries. As key
drivers of adaptation, climate risk perceptions are highly heterogeneous, varying both across people and context,
and are complex, being defined as behaviour which varies across both impact and likelihood dimensions in non-
linear ways. Yet most studies examining risk perceptions are unable to disentangle the role of perceptions re-
garding impacts from those regarding the likelihood of climate-related events taking place. This paper presents a
decomposition and associated analysis of survey-based ‘risk perception’ measures. The decomposition we apply
allows independent accounting for perceptions over frequencies and impacts linking to behavioural patterns of
risk attitude. The approach presented here draws on a detailed 2017 survey of 500 farmers in rural Indonesia to
generate insights into the relationship between risk perceptions and extension services, accessibility of in-
formation, and other factors. Results show that risk perceptions are generated from complex interaction between
perceived future frequencies and outcomes of climate events and indicate differential impacts of extension
services across these perceptions. This paper also presents empirical support for the use of information and
communication technology based extension as an efficient extension tool to reach more farmers than in tradi-
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tional methods.

1. Introduction

Climate change impacts agriculture predominantly by altering
weather-related inputs directly affecting agricultural productivity
(Carraro, 2016; Nelson et al., 2014). Examples include more extreme
weather events, longer or shorter growing seasons, and more or less
rainfall. The resulting negative impacts range from increasing food se-
curity risks of low-income populations (Lobell et al., 2008; Lybbert and
Sumner, 2012) to weakening the many contributions the agricultural
sector makes to economic growth and development (Christiaensen
et al., 2011; Timmer, 2002). Whilst climate change presents major risks
to agriculture in general (Dillon et al., 2015; Godfray et al., 2010;
Seddon et al., 2016; Tripathi et al., 2016), it is particularly of concern
for smallholder farm households with low capacity to absorb shocks or
to actively adapt to changing weather patterns and the risks from severe
weather events (Berger et al., 2017; Deressa et al., 2009; Fahad and
Wang, 2018; Hannah et al., 2017; Mulwa et al., 2017).

Adaptation behaviour, in particular, is an important component of
farmers’ climate risk management strategies and is closely linked to risk
perceptions arising from climate change (Bohensky et al., 2013; Khanal

et al., 2018; Menapace et al., 2015; Woods et al., 2017). Understanding
how climate change risk perceptions link to adaptation practices is
complex, combining behavioural elements across belief formation and
outcome assessments arising from actions and weather events (van der
Linden, 2017). Existing literature on behaviour with respect to risks
arising from climate change in agriculture, however, often focuses only
on aggregate indexes of risk perception or general concerns (e.g. Frank
et al., 2011; Le Dang et al., 2014). These indexes, a prime of example of
which is the Risk Perception Index or RPI (e.g. Sullivan-Wiley and
Gianotti, 2017), typically aggregate farmers’ concern over impacts of
climate change-induced events with their beliefs over how climate
change may lead to changes in the frequency of these events (e.g. Igbal
et al., 2016; Sullivan-Wiley and Gianotti, 2017). However, studies de-
monstrate that risks are potentially a complex (i.e. nonlinear) combi-
nation of beliefs over likelihood and impact factors (e.g. Cohen, 2015;
Gregg and Rolfe, 2017; Kahneman and Tversky, 1979), so that both
subjective beliefs and impacts on income can be important, in-
dependent contributors to risk perception. Tversky and Kahneman
(1992) term these types of divergent risk behaviours the four-fold
pattern of risk attitudes (Tversky and Kahneman, 1992, p. 306)
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acknowledging that household member choices may be driven in dif-
ferent directions by optimism or pessimism combined with risk aversion
or risk loving (Just and Just, 2016; Sidibé et al., 2018; Ward and Singh,
2015). In the case of climate change, in which probabilities of events
are highly uncertain (i.e. there is considerable ambiguity around their
likelihood of occurrence) and in which extension plays a role in redu-
cing or framing that uncertainty there is more importance regarding
disaggregation of perceptions of risks between outcomes and prob-
abilities. Using these insights, we apply the RPI and “unpack” the index
for a range of climate events to obtain a more comprehensive under-
standing of farmers climate risk perception in relation to factors such as
access to extension services, experience with information-communica-
tion technologies (ICT), use of improved varieties and more. The focus
of the study is on small-scale citrus farmers in rural areas of East Java
Province, Indonesia: an area thought to be considerably affected by
climate change in the future (Aldrian and Djamil, 2008; Rodysill et al.,
2012). Like other permanent crops, citrus farmers are particularly
susceptible to climate risks due to the relatively long planning time-
frames regarding variety choice decisions, relatively high start-up in-
vestment costs and a lengthy waiting period for the initial harvest
(Gunathilaka et al., 2018; Ouattara et al., 2019). The study data are
derived from a survey undertaken with 500 households across 42 vil-
lages in 2017.

This paper contributes to the literature on climate risk perception in
three main ways. First, the study provides a survey-based approach to
integrating research on complex patterns of risk behaviour from eco-
nomics and psychology literature (e.g. Tversky and Kahneman, 1992)
into climate research on risk perceptions through a straight-forward
extension of current approaches to the analysis of the RPI. Second, we
provide evidence about the disadvantage of aggregate level analysis
and suggest joint analysis approaches using the RPI as an approach
which integrates clear insights from general patterns of risk perceptions
with a greater level of detail on how extension or other policies affect
behaviour and perceptions of smallholder farmers. Finally, contrasting
with previous literature which emphasised a “traditional extension
model”, we find that the use of ICT-based extension is linked to a
greater perception of climate risk associated with a more realistic view
of those risks and thus may be an efficient approach to improving
adaptation amongst rural farming communities.

The remainder of this paper begins with a conceptual framework
about the RPI with its construction out of perceptions over frequencies
of events and event impacts arising from climate change issues (Section
2). In Section 3, we present the survey method and summary statistics
of the data. The methodology is presented in Section 4 including the
calculation of the climate risk perception index and the econometric
approach. Results are presented in Section 5 and followed by a short
discussion in Section 6. Finally, we present the conclusions in Section 7.

2. Conceptual framework

Several approaches are used to understand climate risk perceptions
in the literature. Amongst studies focusing on climate risk perceptions,
the RPI is widely used (e.g. Igbal et al.,, 2016; Sullivan-Wiley and
Gianotti, 2017). The RPI is a metric or index that is constructed as the
combination of probability or likelihood of risk events and the severity
of consequences arising from risk events (Aven, 2016; Li et al., 2018).
Since the risk perception is different from real or objective risk (Aven
and Renn, 2009; Freudenburg, 1988; Sjoberg, 2000; Slovic, 1999;
Sullivan-Wiley and Gianotti, 2017), data in risk perception studies are
mainly obtained by asking agent’s perceptions regarding risks using
ordered qualitative scales where they can express their subjective views
on probability and incidence of climate risk, and also their concern
regarding magnitude of the gain/loss caused by the risk rather than a
detail measurement of probability or consequences (e.g. Abbott-
Chapman et al., 2008; Cullen et al., 2018; Duijm, 2015; Frondel et al.,
2017; Ogurtsov et al., 2008; Weber et al., 2002). For the construction of
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Fig. 1. Fourfold pattern of risk.
(Adapted from Bosch-Domeénech and Silvestre (2006); Tversky and Kahneman
(1992)).

the RPL, the combination of the two elements are expressed as a mul-
tiplicative function (e.g. van Winsen et al., 2014), an additive (e.g. Igbal
et al., 2016) or the combination of multiplication and addition (e.g.
Sullivan-Wiley and Gianotti, 2017). As the risk is often defined by ex-
pected value, the multiplicative version is more common in the risk
assessment literature (Aven and Renn, 2009). Also, Duijm (2015) points
out that subjective risk perception should follow the multiplicative re-
lationship as it could show the logical compatibility with the quanti-
tative approach.

The resulting RPI from is then often used as a dependent variable in
regression analyses, or correlational studies, regarding policy/en-
vironmental variables which might be related to an increasing or de-
creasing risk perception. The typical aim in these studies is to under-
stand the relationship between extension, education levels, policy and
other factors in order to generate information on which policies or in-
terventions might assist farmers to improve adaptation to risks' (e.g.
Igbal et al., 2016; Le Dang et al., 2014; Sullivan-Wiley and Gianotti,
2017).

As outlined earlier, the RPI is constructed from two sources of risk:
(1) the perceived impact that climate events might have on a house-
hold, and; (2) the perceived likelihood that climate events might occur.
The literature shows that these considerations are often vastly different
with Tversky and Kahneman (1992) outlining a four-fold pattern of risk
behaviours which allows for different perceptions over both outcome
(impact) and likelihood (probability) aspects (See Fig. 1).

Considering that the climate change events could have both positive
and negative effects on agricultural production (Challinor et al., 2014;
Ludwig and Asseng, 2006; Parry et al., 2004), farmers’ risk behaviours
should be ably explained by the four-fold pattern as shown in Fig. 1.
However, the standard approach to the RPI is only able to assess the risk
situation in the main diagonal of the fourfold matrix (quadrant B or C).
As a result, consideration of risk perceptions as an aggregate of impacts
and likelihoods (e.g. Frank et al., 2011; Sullivan-Wiley and Gianotti,
2017), as studies using the RPI currently do (e.g. Igbal et al., 2016; Le
Dang et al., 2014; Sullivan-Wiley and Gianotti, 2017), means that we
are only able to identify relations which affect both factors in the same
direction - i.e. allowing only for a two-fold pattern of risk perceptions.
When the farmers have a different perception of likelihood and impact,
these two components moderate each other in of the aggregate RPI

! The study of climate risk perception are also widely used to identify or
measure the threat component on the basis of protection motivation theory and
its direct linkage to a protective response or behavioural change toward climate
change issues (e.g. Bubeck et al., 2012; Grothmann and Patt, 2005).
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Fig. 2. Survey site.

formulation (Bosch-Domonech and Silvestre, 2006), so it cannot ex-
plain risk attitudes in quadrants A and D.

This limitation, however, can be avoided by analysis of perceived
likelihood and perceived impact separately (i.e. a disaggregated ana-
lysis). Specifically, by redefining the RPI as being based on separate
functions it is possible to allow for a more complex representation of
risk behaviours. We define:

RPI = I(x) x L(x) (@]

Where:

I(x) = function representing perceived impact of event

L(x) = function representing perceived likelihood of event

This approach encompasses the standard approach but allows finer
analysis of the relationship of variables of interest independently to
perceptions of event impact and to perceptions of event likelihood.
Hence, this study highlights the different influence and direction of
each explanatory variables (x) on both the RPI and the elements which
derive to the analysis of how the variables could affect the RPI and its
elements in different ways. Another major aspect of this study is to
elaborate on how influencing factors, especially intervention variables
could shape the understanding of the climate risk perception in ag-
gregate and disaggregate levels.

3. Data

This study uses data obtained from a survey of 500 citrus farming?
households in East Java, Indonesia, from September — October 2017.
We selected the households to be included in the sample using a mul-
tistage random sampling process. Three districts: Banyuwangi, Jember
and Malang Districts (Fig. 2) were purposely chosen as they were the
largest citrus production districts in East Java province based on 2015
data. Similar sized samples were taken from each district: 168

2 A citrus farmer is defined as a household who manage more than 25 citrus
trees, following the minimum business unit of citrus farming used by National
Statistic Agency (BPS) to define a citrus farmer (BPS, 2015).

households in Banyuwangi, 166 households in Jember and 166
households in Malang. The sample includes 12 randomly selected
households from 42 randomly selected villages. The survey collected
information at the plot level.

Table 1 presents the demographic and socioeconomic characteristics
of the citrus farmer sample as well as other variables used in the
econometric analysis. Compared with the 2013 agricultural census, the
average ownership of citrus trees from the survey is slightly higher than
the census which was 374 trees per household (BPS, 2013, 2015).
However, the median ownership based on the survey is 293 trees.

4. Method
4.1. Risk perception index elicitation

As outlined earlier in Eq. (1), we define the RPI as a multiplication
function of the perceived likelihood and perceived impact of a certain
climate event. We designed a structured questionnaire so that the
farmers could express their responses to the statements of representa-
tion of the two elements for each climate event types based on a five-
point Likert scale (0 = strongly disagree; 1 = disagree; 2 = no likelihood/
no negative impact, 3 = agree; and 4 = strongly agree). The statements
are expressed as follows: (a) “In my opinion, there is a likelihood of in-
creasing climate events in the future”; and (b) “The increasing of climate
events has a negative impact on my citrus farming”. These two statements
were delivered after the farmers give their response to the following
statement “In my experience, there have been increasing climate events in
the last ten years”. We measured the perception for six climate events,
namely (a) increasing air temperature, (b) increasing dry season period;
(c) increasing excessive rainfall; (d) increasing rainy season period; (e)
increasing flood; and (f) increasing destructive wind. The events were
decided based on literature review, field works and a series of in-depth
interviews with citrus farmers, extension workers, citrus seed produ-
cers, citrus traders and local agricultural departments. We also did a
focus group discussion with citrus researchers to obtain broader and
deeper understanding of the importance of climate change issues on
citrus farming.
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Table 1

Descriptive statistics.
Variables Description Mean Std.dev Min Max
Household Characteristics
Gender Dummy: 1 if head of household is male 0.97 0.16 0.00 1.00
Age Age of the head of household (year) 53.35 11.12 28.00 87.00
Experience Experience in citrus farming (year) 15.01 10.22 0.00 47.00
Education Formal education completed (year) 7.55 4.04 0.00 18.00
Ethnicity Dummy: 1 if the ethnic group is Javanese 0.95 0.23 0.00 1.00
HH size Number of household member (person) 3.87 1.48 1.00 15.00
Citrus income Income from citrus farming in a year (million IDR) 17.26 34.13 -35.15 287.30
Total income Total income in a year (million IDR) 63.16 68.68 —40.40 417.34
Agricultural assets
Land Ownership of agricultural land (hectare) 1.08 2.37 0.05 30.04
Citrus Ownership of citrus (trees) 393.62 403.18 47.00 4500.00
Generator Ownership of generator (unit) 0.10 0.31 0.00 2.00
Cattle Ownership cattle (unit) 0.49 1.35 0.00 20.00
External factors
Mobile-phone Ownership of mobile-phone in HH (unit) 2.19 1.19 0.00 7.00
Internet Dummy: 1 if had access to internet 0.65 0.48 0.00 1.00
Training Citrus training attended in last 5 years (number) 0.26 1.62 0.00 20.00
Extension Citrus extension attended in last 5 years (number) 1.76 8.05 0.00 120.00
Climate Climate extension attended in last 10 years (number) 0.29 2.50 0.00 50.00
Farmers group Dummy: 1 if part of citrus farmers group 0.16 0.37 0.00 1.00
Cooperative Dummy: 1 if part of cooperative 0.06 0.23 0.00 1.00
Direct access Dummy: 1 if had direct access to gov. authority to ask about citrus 0.22 0.41 0.00 1.00
Citrus credit Dummy: 1 if had citrus credit 0.27 0.44 0.00 1.00
Citrus info Dummy: 1 if citrus technology information source was other farmers 0.75 0.43 0.00 1.00
Climate info Dummy: 1 if farmers had no climate information source 0.61 0.49 0.00 1.00

The resultant climate RPI model is a set of linear equations for each

climate change event j which are individually represented as:

Y=oV + BWi+ v,Zi+ wy

(2

Table 2

Risk perception index of climate change events.
Climate events Mean Std.dev Min Max
Increasing air temperature 5.78 3.37 0 16
Increasing dry season period 5.36 3.15 0 16
Increasing rainy season period 6.12 2.97 0 16
Increasing excessive rainfall 5.29 3.05 0 16
Increasing flood 3.66 2.65 0 12
Increasing destructive wind 3.85 2.62 0 12

4.2. Econometric methods

Concerns about risks from different sources may be correlated with
each other, in addition to being explained independently by observable
variables. Given that we elicited the RPI for 6 types of climate events we
sought to incorporate this information through a system of regression

equations.

Table 3

Residual correlation of RPI for six climate events.

where y; and u; represent the outcome variable and white noise re-
spectively with cor(u;, ux) = g. Vi is an (M x 1) vector of farmers
characteristics, W; is an (S x 1) vector of agricultural asset variables, and
Z; is an (Lx1) vector of extension and advisory service variables.
Stacking all j equations we obtain:

Wa=aVi+ BW + %Zi+ ua
Vo=V + BW + BZi+ up
Yz = Vit BWi+ pZi+ us
Yu=Vi+ BW + v, Z; + ui
Vs =asVi+ BsW + %Z;i + ujs

=
=N
Il

asVi + BsWi + ¥Zi + tis

3

Increasing air

Increasing dry season

Increasing rainy season

Increasing excessive

Increasing flood

Increasing destructive

temperature period period rainfall wind
Increasing air temperature 1 0.407%** 0.137%** 0.212%** 0.136%** 0.093***
Increasing dry season period 1 0.180%** 0.308%** 0.033* 0.097%**
Increasing rainy season 1 0.329 0.091 0.052

period

Increasing excessive rainfall 1 0.147%** 0.049*
Increasing flood 1 0.368%**
Increasing destructive wind 1

Note: ‘%, % %% significant at 10%, 5%, and 1% levels, respectively.



Land Use Policy xxx (xxxX) XxXxx

A.M. Hasibuan, et al.

*A1oAndadsar ‘oad] A111qeqord 04T PUB ‘9SG ‘00T e IURIYTUBIS yus

13 13
CRAENY RNy

.mumwﬂuﬁwywnﬁ Ul I0I19 pIepuelS:aloN

r12°0) (681°0) (0£z°0) (£61°0) (s81°0) (€62°0) (€61°0) (161°0) (10€°0)

080°0 % 08€°0— £L8€0— 980°0— 0cT'0 6S0°0— 980°0— PP ¥29'0— xx 199°0— (Suou JI T) 92IN0s UOHRWLIOJUT AJRWID

(zvT0) (o12°0) (60€°0) (€TT0) (€12°0) (9€€°0) (612°0) (s12°0) (F¥e'0) (s1ouLrEy

091°0— % 681°0 ¥¥e0 8€T°0 90°0 0€0°0 * 9€°0 *x hy'0— 80T°0— I9YI0 JI T) 9DINOS UOHERULIOJUT A30[0UYD) SIID
(¥€T°0) (90z°0) (662°0) (s12°0) (t0z°0) (€2€°0) (€12°0) (c12°0) (c€€°0)

9400 €220 6vC°0 6€0°0— 120°0— 1110 0ST'0 B ¥6€°0 = 1S9°0 (saf J1 1) 31pad> snnm
(6v2°0) (122°0) [([4:40)] (1€2°0) (812°0) (L¥€'0) (1€2°0) (¥TT0) (9s€°0)

xx 948°0— 8SH°0— xxx  GC6'0— 02¢0 850°0— ¥02°0 612°0 L£0°0 8520 (s34 31 1) AyoyINE JUSWUISA08 0) $53DI 12
(z0s°0) (I¥¥°0) (z19°0) (18¥°0) (82¥°0) (599°0) (1¥¥°0) (Ly¥0) (s89°0)

0190 60¥°0 6950 e 0o— 661°0 S61°0— == 8V6°0— 60%°0 €29°0— (s24 31 1) diyszequidswr aane12doo)
(61€°0) (94£2°0) (60t°0) (962°0) (64£2°0) (9¥¥°0) (982°0) (€82°0) (9st°0)

£L8T0— 9900 090°0— 120°0 ZI10 ¥S0°0 200 LL0°0— 6v1°0— (s34 31 1) drysraquiawr dnoid siowireq
(1¥0°0) (z€0°0) (zs0°0) (1£0°0) (1€0°0) (950°0) (8€0°0) (1€0°0) (850°0)

000 €10°0— 100°0— 010 2100 €500 =x  840°0— 820°0— x 660°0— (I9quInu) UOISUNIXD deWID
(€10°0) (210°0) (£10°0) (€10°0) (T10°0) (810°0) (T10°0) (010°0) (610°0)

S100— 810°0— €20°0— =z 6C0°0— £00°0— ¥20'0— €00°0— 200°0 ¥00°0 (I9quInu) UOISUNIXD SNOID)
(190°0) (650°0) (€80°0) (#90°0) (950°0) (060°0) (850°0) (650°0) (€60°0)

040°0— 2S0°0— ¥60°0— £90°0— 150°0— 9CT'0— 0v0°0 €L0°0— 2v0°0— (12qumu) Jururen snnry
(992°0) (1€2°0) (ze€0) (F¥T0) (0€2°0) (09€°0) (8€2°0) (622°0) (69€°0)

e 6240 ® 18¢€'0 PP vro'1L £20°0— Eres 629°0 09S°0 €0T°0— PP 8040 = L0LO (94 J1 1) ss900€ JouIU]
(or1°0) (£60°0) (Iv1°0) (e01°0) (960°0)  (€ST°0) (zot1°0) (£60°0) (£s1°0)

2% 092°0— ® TLL'0— sxx  L8E°0— 0t0°0 =x  C0C°0—  ¥81'0— €90°0— PP 10€°0— 2z LCE0— (yrun) auoyd-s[Iqol

W10 W10 ans W10 W10 ans W10 W10 ans PPOIN
uUN&Ew PIATIdId POOYII] PRAIRIIG Idd HUNQEM PaAIRdIRd POOYII] PRAIRISG 1dd HUNQE_ PoATRIR POOYIYI] PRAIRIIG 1dd

pourad uoseas Aurex Sursearduy pouad uoseas A1p Sursearoup ainjeradwa) Ire Surseaou] s9[qeLIBA

‘porad uoseas

Aure1 3urseardur pue porrad uoseas A1p Sursearour ‘@rnjeradwa) Jre Sursearour jo 1oedwr paaredrad pue pooyIP)I] paarediad “xapur uoridedsad YSII 10 UOTIBWINSS [9POW J180] PaI9PIO puk UOISsaISa1 paje[asun A[Surwoas

b oIqeL



Land Use Policy xxx (xxxX) XxXxx

A.M. Hasibuan, et al.

(98pd 1x2u UO panunuU0I)

(s10°0) (2€0°0) (410°0) (820°0) (100°0) (200°0) (150°0) (£10°0) (9€0°0) (100°0) [€4::40)]
P €v0°0 ' 120°0 #» EV0'0—  xx 040°0— 100°0— 200°0 * S80°0 + 0€0°0— £450°0— T00°0—  sxx o1 (94 31 1) ss9d0 JoUINU]
(£00°0) (010°0) (£00°0) (010°0) (000°0) (100°0) (220°0) (600°0) (¥10°0) (000°0) (1v1°0)
=z LI0O°0— #x  180°0— *x S10°0 2% €20°0 0000 100°0— + 6€0°0— B S10°0 ® S20°0 000°0 wxx  L8E0— (yrun) suoyd-aIqoN
pouiad uospas Aui. 3uispaoug g
(S10°0) ¥20°0) (110°0) (820°0) (000°0) (200°0) (9€0°0) (200°0) (8€0°0) (100°0) (€62°0)
£00°0— 110°0— S00°0 2100 000°0 200°0 €20°0 000°0 ¥20'0— 100°0— 6S0°0— (Suou JT T) 92IN0S UOHBULIOJUT IR
(910°0) (0€0°0) (¢10°0) (¥€0°0) (000°0) (€00°0) (z¥0°0) (100°0) (€¥0°0) (100°0) (9g€°0)
010°0 810°0 800°0— 020°0— 0000 100°0 6000 000°0 600°0— 000°0 0€0°0 (sIouLIRy 1910 JI T) 92INOS UOHBULIOJUI SNNID)
(910°0) (820°0) (210°0) (1€0°0) (000°0) (€00°0) (6€0°0) (100°0) (0¥0°0) (100°0) (€z€°0)
€00°0— S00°0— 200°0 900°0 0000 000°0 ¥00°0— 000°0 +00°0 000°0 1110 (94 J1 1) 3pa1d snnID
(020°0) (€20°0) (€10°0) (0€0°0) (100°0) (€00°0) (¢¥0°0) (100°0) #¥0°0) (100°0) (Lye0)
920°0 9€0°0 810°0— ¥¥0°0— 000°0 100°0— 1100— 000°0 C10°0 000°0 ¥02°0 (sa4 J1 1) AyIOyINE JUSUILIDA0S 0 SSIIIE 11
(0€0°0) (5£0°0) (S20°0) (6£0°0) (100°0) (£00°0) (680°0) (s10°0) (6£0°0) (200°0) (599°0)
L10°0— $€0°0— €10°0 £€0°0 000°0 €00°0 0v0°0 ¥00°0— 8€0°0— 100°0— S61°0— (a4 j1 1) diyszaquiswr aane1adoo)
(€20°0) (£€0°0) (910°0) (¢y0°0) (000°0) (+00°0) (950°0) (500°0) #50°0) (100°0) 9p¥°0)
200°0 €00°0 100°0— €00°0— 000°0 100°0 220°0 100°0— 2T0'0— 000°0 $S0°0 (saf g1 1) drysrequiswr dnoid siouire]
(S00°0) (600°0) (#00°0) (010°0) (000°0) (000°0) (900°0) (000°0) (900°0) (000°0) (950°0)
800°0 €10°0 900°0— S10°0— 000°0 000°0 200°0 000°0 200°0— 000°0 €S0°0 (Joqumnu) UOIsuUSIXa SNBWID
(100°0) (200°0) (100°0) (200°0) (000°0) (000°0) (200°0) (000°0) (200°0) (000°0) (810°0)
=z €00°0— #x  ¥00°0— wx 200°0 2% +00°0 0000 000°0 100°0— 000°0 1000 000°0 ¥20°0— (Joqumu) UOTsus)xd SNNID
(S00°0) (800°0) #00°0) (600°0) (000°0) (100°0) (110°0) (100°0) (110°0) (000°0) (060°0)
S00°0— 800°0— ¥00°0 0100 0000 100°0— 0T10°0— 0000 0100 000°0 9CT°0— (1aqumnu) Sururen snnr
(610°0) (0€0°0) #10°0) (S€0°0) (000°0) (+00°0) (¢10°0) (110°0) (6+0°0) (z00°0) (09€°0)
2¢00'0— €00°0— 100°0 ¥00°0 000°0 % £00°0 e 6110 £00°0 = OEL'0—  €00°0— 09S°0 (24 J1 1) s$900® JoUIRIU]
(800°0) (€10°0) (900°0) (S10°0) (000°0) (100°0) (610°0) (€00°0) (610°0) (100°0) (€ST°0)
€00°0 S00°0 200°0— 900°0— 0000 + €00°0— *  0¥0°0— 100°0 0 1¥0°0 1000 ¥8T°0— (yrun) auoyd-a[Iqoly
pouiad uospas Aip 3uispauoug 'z
(210°0) (1€0°0) *10°0) (820°0) (100°0) (#00°0) 0°0) (2¢T0°0) (£z200) (100°0) (10€°0)
S00°0— ¥100— 9000 €100 0000 #x O0TI0°0—  sxx  VPT'O—  sxx €90°0 160°0 1000 =z 199°0— (Suou JI T) 92IN0S UOTIBULIOJUT IR
(¢10°0) (0v0°0) (s10°0) (9€0°0) (100°0) (500°0) (6+0°0) (920°0) (820°0) (100°0) (F¥e0)
120°0 290°0 = ST0°0— £S0°0— 200°0— 800°0— #»  €0T°0— * Lv0°0 % €90°0 100°0 801°0— (s19W1RY I9YIO JI T) 92INOS UORBWLIOJUT SNOID)
#10°0) (€€0°0) (910°0) (0€0°0) (100°0) (#00°0) (610°0) (s20°0) (620°0) (100°0) (ce€°0)
0100 +¥20°0 T10°0— 2C0'0— T00°0— €00°0 * 160°0 +  I¥0'0— #x  990°0— 000°0 * 1S9°0 (94 J1 1) 3pa1d snnID
(910°0) (¥€0°0) (£10°0) (2€0°0) (100°0) (900°0) (zs0°0) (zz0°0) (#€0°0) (000°0) (9s€°0)
S10°0 ¥€0°0 910°0— 1€0°0— 100°0— 1000 6000 ¥00°0— 900°0— 000°0 8520 (sa4 J1 1) A1I0yINE JUSUILIDAOS 0] SSIIIE 1
(¥10°0) (S60°0) (€10°0) (960°0) (900°0) (010°0) (zo1°0) (850°0) (€50°0) (100°0) (s89°0)
sxx  CPO'0O— #x LBT'0—  xxx 870°0 * SL1°0 900°0 £00°0 ¥60°0 9%0°0 — GS0°0— 000°0 €29°0— (sa4 j1 1) diyszaquiswr aane1adood
(810°0) (9%0°0) (120°0) (¢0°0) (100°0) (+00°0) (590°0) (S20°0) #¥0°0) (000°0) (95¥°0)
200°0 ¥00°0 200°0— ¥00°0— 000°0 100°0— 810°0— £00°0 2100 000°0 6v1°0— (saf g1 1) drysrequiswr dnoid sioure]
(200°0) (900°0) (€00°0) (900°0) (000°0) (000°0) (£00°0) (€00°0) (500°0) (000°0) (850°0)
#x  S00°0— +» €10°0— *x 900°0 *x 100 000°0 000°0 900°0— €00°0 +00°0 000°0 +  660°0— (Joqumu) UoIsusIXd NeWI)
(100°0) (200°0) (100°0) (200°0) (000°0) (000°0) (200°0) (100°0) (200°0) (000°0) (610°0)
000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 ¥00°0 (Joqumu) UOTSUS)Xd SNNI)
(#00°0) (600°0) (#00°0) (600°0) (000°0) (100°0) 100 (900°0) (600°0) (000°0) (€60°0)
€00°0 £00°0 €00°0— 900°0— 000°0 100°0— L10°0— £00°0 110°0 000°0 ¢r0'0— (roqumu) Sururen snnip
(S10°0) (8€0°0) (£10°0) (S€0°0) (100°0) (+00°0) (150°0) (£10°0) (6€0°0) (100°0) (889°€)
£00°0— 910°0— £00°0 S10°0 000°0 % 010°0 Fre 191°0 zxx GG0°0—  xxx  VIT'0O—  T000— * L0L0 (s94 1 T) ss900€ JouI)U]
(900°0) L10°0) (£00°0) (S10°0) (000°0) (200°0) (€20°0) (010°0) (S10°0) (000°0) (4s1°0)
¥00°0— 0100— S00°0 600°0 0000 22 V00°0—  xxx  040°0—  wxx 820°0 P 9%0°0 000°0 =z LCE0— (yrun) auoyd-s[Iqol
aumpuadway 11p Suispaouy ‘[
=X €=AX c=A I=X 0=AX =X €=A c=AX I=X 0=AX
1oedull paAIRdI_Rd POOYI[YI] PRAISdIdG a4

1oedwit paaredIad pue pooyrRyI] paAradIad Jo INTO Wwolj unnsal s}oays [eurSIeN

g ?lqeL



A.M. Hasibuan, et al.

Table 5 (continued)

Perceived impact

Perceived likelihood

RPI

—0.004
(0.004)
—0.001
(0.001)

—0.006
(0.005)

0.004
(0.004)

0.006
(0.005)
0.001

0.000
(0.000)

0.000
(0.000)
0.000
(0.000)
0.000
(0.000)
0.000
(0.002)

—0.012
(0.013)

0.005
(0.005)

0.007
(0.008)

0.000
(0.000)

—0.094
(0.083)

Citrus training (number)

—0.001
(0.001)

0.001
(0.001)

0.000
(0.000)

—0.004
(0.003)
—0.003
(0.007)
0.015

0.002
(0.001)

0.003
(0.002)

0.000
(0.000)

-0.023
(0.017)

Citrus extension (number)

(0.001)

0.000
(0.003)

0.000
(0.003)
—0.028
(0.036)

0.000
(0.002)

0.000
(0.004)
0.027

0.000
(0.000)

0.001
(0.003)

0.002
(0.005)

0.000
(0.000)
0.000
(0.000)

—0.001
(0.052)

Climate extension (number)

-0.017
(0.017)

0.017
(0.020)

0.000
(0.001)

—0.006
(0.026)

—0.009
(0.038)
—0.052
(0.049)

—0.060
(0.409)

Farmers group membership (1 if yes)

(0.033)
—0.043
(0.028)
0.057
(0.028)

(0.063)
0.096

0.049
(0.050)

ok

0.025
(0.009)
—0.061
(0.033)

—0.031
(0.022)

—0.001
(0.001)

0.003
(0.004)
—0.002
(0.002)

—0.046
(0.060)

0.000
(0.001)

0.569
(0.612)

Cooperative membership (1 if yes)

(0.106)
—0.100

(0.046)

—-0.032  **

(0.013)

*

0.035 i

ke

0.001
(0.001)

sk

T

0.030
(0.012)

0.071
(0.037)
—0.031
(0.028)
—0.076
(0.035)

ok 0.001

—0.922
(0.320)

Direct access to government authority (1 if yes)

(0.016)

(0.001)

0.005
(0.015)

—0.004 0.006
(0.018)

(0.013)

—0.007
(0.020)
0.014

0.051 0.001 0.000
(0.000)

—0.021
(0.021)

0.000
(0.000)

0.249
(0.299)

Citrus credit (1 if yes)

(0.001)

(0.048)
0.107
(0.044)

-0.011
(0.017)

—0.012
(0.017)

0.009
(0.013)

0.000
(0.000)

0.003
(0.002)
—0.002
(0.002)

T

w 0,033
(0.012)

—0.001
(0.001)

0.344
(0.309)

Citrus information source (1 if other farmers)

(0.020)
—-0.007
(0.019)

0.005
(0.013)

0.007
(0.018)

—0.005
(0.012)

0.000
(0.000)

= 0036 *  —0.087 **
(0.020) (0.043)

0.053
(0.026)

0.001

—-0.387
(0.270)

Climate information source (1 if none)

(0.001)

* significant at 10%, 5%, and 1% probability level, respectively.

tandard error in parentheses.
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Eq. (3) can be expressed in matrix notation as:
Y=aV+ W+ yZ+ X 4

Given our prior expectations regarding correlation between the RPI
for different climate events, we estimated the Seemingly Unrelated
Regression (SUR) model (Zellner, 1962) which accounts for cross-
equation correlation. The model was estimated using the systemfit
package (Henningsen and Hamann, 2007) in the R statistical program
(R Core Team, 2018).

To conduct the disaggregated analysis we employed the ordered
logistic regression model (OLM) as suggested by Hoffmann (2016) for
Likert scale data as each disaggregated index can take integer values
from O to 4 (inclusive) only. Following Frondel et al. (2017), we applied
the standard OLM for the perceived likelihood and outcome of climate
events, as follows:

Y =0V + Wi+ 5Zi+ g )

where yl; denotes the perceived likelihood of climate event j or per-
ceived negative impact of climate event j by the respondent i. The OLM
model was analysed using the rms package in the R statistical program
(Harrell Jr, 2018). In order to make a direct comparison between the
aggregate approach (examining the RPI using the SUR model) and the
disaggregate approach, we calculated both the disaggregate marginal
effects (ME) for each independent variable (k) and the aggregate effect.

5. Results
5.1. Climate risk perception index

The RPI was calculated for six climate change events which re-
presents the individual’s risk perception of climate change events where
the value varies from zero to sixteen. The mean of RPI values for all
respondents ranges from 3.66 (increasing flood) to 6.12 (increasing
rainy season period) (Table 2). Based on t-test, the RPI of increasing
rainy season period is significantly higher than other events. From the
six climate change events, citrus farmers categorised floods and in-
creasing destructive wind as low risks (mean of RPI < 4), and these
two events do not statistically different. Table 2 also shows that there is
a high variation of the RPI between respondents indicated by high
standard deviation, which imply the large differences in the risk per-
ception of climate events between the citrus farmers.

5.2. Econometric estimation

The estimated cross-equation correlations from the regression
equations for the aggregate RPI are presented in Table 3. The climate
events have a statistically significant correlation, indicating that SUR
model is more efficient than an equation-by-equation OLS approach
(which assumes independence between equations).

With respect to the farmers’ priority regarding climate events, we
focus on the three most important climate events: increasing air tem-
perature, increasing dry season period and increasing rainy season
period for further analysis® .

The estimation results for the RPI and its elements with the focus on
extension system for the three climate events is presented in Table 4.
We find a larger number of external factor variables which significantly
influence the perception than internal (socio-demographic) factor
variables, such as household characteristics and assets.

First, for the event of increasing air temperature, mobile-phone
ownership, attendance in climate-related training or extension, and
climate/weather information source is negatively related to RPI, while
for internet access and access to credit the relationship is positive.

3We provide the estimation regression result for all six climate events, both
for RPI and elements in the Appendix (See Table A1-A6).
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When the farmers do not use any information source for the climate or
weather, the probability of perceiving a negative likelihood of in-
creasing air temperature is lower. In contrast, when farm household
members have access to the internet, the probability is higher. There
are some variables that significantly relate with the perceived like-
lihood and/or perceived negative impact arising from increasing air
temperature, but statistically not significant to influence the RPI. For
example, cooperative membership is associated with a decrease in the
perceived negative impact of the event on citrus farms.

Second, for increasing dry season period, none of the external fac-
tors has a statistically significant relationship to the RPI. However, even
though there is no significant influence on the RPI, mobile-phone
ownership and internet access have a significant relationship to the
farmer's perception of the likelihood of the events in the future, where
the mobile phone has a negative effect and access to the internet is
positive. Also, more attendance in citrus extension could decrease the
probability of perceiving the negative impact of increasing dry season
period on citrus farming.

Last, increasing rainy season period is related to external factors.
Mobile-phone ownership and direct connection to government au-
thority to ask about citrus technology have a negative relationship to
the RPI, whilst internet access variable had a positive relationship.
Mobile-phone ownership variable is also associated with a lower
probability of perceived likelihood and perceived negative impact of
the events on citrus farming. In contrast, access to the internet is as-
sociated with a higher perception of negative impact. The source of
climate information has a consistent relationship associated with a
lower perception of the likelihood of the event in the future. It is similar
with the source of citrus technology information variable where farmers
without climate information sources tend to have a lower probability of
perceived likelihood of increasing rainy season period.

Our results also support an important finding associated with the
limitation of typical analysis of the RPI regarding the relationship be-
tween final risk perceptions and interventional variables, especially
when the variables affect the two risk elements in different direction.
For example, the main source of citrus technology information (farmer
to farmer’s extension) has different directions for its relationship with
the risk elements of increasing air temperature (Tables 4 and 5). This
variable is negatively associated with the perceived likelihood of in-
creasing air temperature on one hand (P-value = 0.037), and positively
associated with the perceived negative impact of this event on citrus
farming on the other hand (P-value = 0.096). As a result, this variable
does not significantly influence the RPI of increasing air temperature
(P-value = 0.754). This finding confirms the hypothesis that the dif-
ferent direction of the effect on the risk elements could eliminate the
role of its combination in the form of RPIL

6. Discussion
6.1. Farmers’ priority of climate events based on risk perception index

Starting with the discussion of farmers’ priority of climate change
events based on the RPI, we find that citrus farmers consider an in-
creasing rainy season period event as the primary concern, followed by
an increasing air temperature and so on (see. Table 2). The results imply
that farmers are more likely to prioritise their resources to address the
climate issues based on those priorities which need to be considered in
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the related policy design or decision-making process (Nigussie et al.,
2018; Rasmussen, 2018). However, as the perception might be biased
as the availability of heuristics (Tversky and Kahneman, 1974), gov-
ernment or related stakeholders might need to assess these farmers
perception and comparing with the scientific information in order to
provide more accurate climate-resiliency support systems which ac-
ceptable by the farmers.

The wide range variation of RPI for each climate event implies that
citrus farmers might have heterogeneous perceptions of risk arising
from climate events (See Table 2) which could be associated with the
variation in socio-demographic and external factors (See Table A1-A6).
This finding is in line with the literature showing that the different
perceptions at the individual or household levels reflect the influence of
social economic characteristics and individual risk aversion (see
Frondel et al., 2017; Sullivan-Wiley and Gianotti, 2017). We also find
variation of RPIs across the districts which implies that the farmers’
perception might be affected by agro-ecosystems or geographical as-
pects. This is a common phenomenon since the geographical context
could cause the spatial heterogeneity of risks for leading to the different
risk perception of the farmers (Bobojonov and Aw-Hassan, 2014;
Bonatti et al., 2016; Woods et al., 2017).

Whilst our study was not designed to investigate why the citrus
farmers perceived some climate events to be greater risks than others,
we suggest an explanation for three RPIs, especially in terms of the
negative impact of the events on citrus farming. First, the increasing
rainy season period was perceived as the highest RPI because, based on
their experience, farmers believed that a long rainy season period could
disturb the flowering and fruit setting phase, which diminishes the yield
(e.g. Hossain et al., 2009; Mesejo et al., 2016). A longer rainy season
may also increase pest, disease and weed infestations (Atanackovic
et al., 2015) and reduce the effectiveness of pest, disease and weed
controlling through the reducing of toxicity of the chemical control
(Boina and Bloomquist, 2015). Second, increasing air temperatures
could disturb pollination ecosystems as citrus production strongly de-
pends on pollination services (Maia et al., 2018). High temperatures
during certain stages of fruit growth could also cause losses as a phy-
siological response to the environmental condition (Qin et al., 2016).
With higher air temperatures, citrus pests and diseases are likely also to
be destructive, unpredictable and harder to control in these areas
(Dixon, 2012; Sutherst et al., 2011). Finally, citrus is highly dependent
on water supply, so that farming in the dry season requires accessible
irrigation supplies (Zouabi and Kadria, 2016). However, this event was
perceived to have a lower RPI than increasing rainy season period and
air temperature. A possible reason is the better availability of irrigation
infrastructure in the survey site (Hussain et al., 2006), though this re-
lationship requires further analysis in order to draw causal inferences.
Also, the survey showed that most of the citrus trees are grown on land
which was previously planted with food crops (rice, maize, and others)
which have better irrigation support (Simatupang and Timmer, 2008).
Consequently, it might be easier for the citrus farmers to deal with
increasing dry season period events, so they might perceive this event
to have a lower RPIL.

6.2. Role of advisory and extension services in shaping risk perception

Considering the importance of extension system in order to address
the climate-related issues, our analysis reveals the opportunity for the
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use of the progressive development and spreading of information and
communication technology (ICT) in order to shape the farmer’s climate
risk perception. ICT extension tools could provide better access to in-
formation and utilise social networking to increase the efficiency of
extension efforts (Aker, 2011; Fu and Akter, 2016; Tripathi and Mishra,
2017). However, the regression results showed a different relationship
between mobile-phone and internet access with the RPI and with the
disaggregated analysis of the RPI. Specifically, households with mobile
phones tended to have a lower perception of the likelihood of climate
events and their impacts whilst those with internet access perceived
climate events as more likely and of higher impact. These differences
indicate the importance of the appropriate use of new technologies in
extension. Whilst mobile phones improve social networks and can be
used to communicate with households they are somewhat limited as
information sharing tools. In contrast, access to the internet provides
households with potentially huge amounts of information but also al-
lows household members to avoid accessing information that they may
not like (e.g. which indicates recent choices may have been risky). Ex-
tension programmes can benefit from enhanced access to the internet
but should also seek to instill information-accessing behaviours which
promote a rational formation of beliefs and to guide household mem-
bers in accessing weather and climate related information from the
internet.

Direct access to a government authority is a part of farmer’s con-
nection to obtain formal and informal support (Wossen et al., 2015)
related to citrus farming. Our regression results showed that this vari-
able has an association with a reduced farmer's perception of risks as-
sociated with an increasing rainy season period, both on the RPI and
individual elements. Whilst this result may seem at odds with initial
considerations, the RPI for increasing rainy season period is the highest
of all events considered in this study on average. In this context, it may
be that direct contact with extension officers serves to moderate ex-
treme beliefs.

Regarding climate information sources, farmers without a source of
climate/weather information seemed likely to have a lower perception
of the negative impact of climate events (increasing air temperature and
rainy season period) on citrus farming. Pidgeon and Fischhoff (2011)
point out that it is rational for a well-informed individual to not react to
the climate information they have if they do not have the information
about viable actions to deal with the climate situations indicating the
importance of an effective climate extension programme in this region,
and more broadly.

Farmers in developing countries often have a high dependency on
government for information provision. However, our results showed
that alternative approaches to accessing information were more
strongly associated with the risk perception than access to traditional
sources of information (e.g. in-person extension or participation in a
farmers group). In line with previous studies (e.g. Anderson and Feder,
2004; Brown et al., 2018; Moyo and Salawu, 2018; Ragasa and
Mazunda, 2018) we find that government extension programs should
seek to complement existing sources of information including physical
social networks accessed directly or through modern technologies (i.e.
mobile phones) and the internet. A failure to modernise in this way may
lead to farmers generating wayward beliefs or marginalise the im-
portance of the government research and extension programme as a key
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plank of agrarian development. This latter aspect is particularly perti-
nent given our survey data shows that the proportion farmers who are
involved in citrus extension, citrus training, or climate extension and
farmers groups are only 21.2, 5.6, 5.4 and 16 per cent, respectively. On
the other hand, the proportion of farmers who have mobile-phone and
internet access are 94 and 64.8 per cent, respectively.

7. Conclusion

The complexity of climate-related risk behaviour means research
needs to account for a diverse array of risk attitudes in order to obtain
better insight into a wide range of views on its existence, impact and
incidence. In this paper, we considered farmers’ climate risk percep-
tions using a disaggregated approach to analysis of the Risk Perception
Index, or RPI (Sullivan-Wiley and Gianotti, 2017), allowing re-
presentation of a four-fold pattern of risk attitudes as outlined by
Tversky and Kahneman (1992). Our results provide a conceptual fra-
mework and empirical evidence of the limitation of aggregate-level
analysis of RPI in explaining endogenous variable to influence the
perception, which could be explained better by the analysis in dis-
aggregate levels.

Our analysis results in several findings that can be used by gov-
ernment or related industries to design the intervention program and
policies. First, government or related industries could provide the
supporting system to the citrus farmers based on the RPI ranking,
especially adaptation and mitigation strategies regarding those climate
events. Also, understanding the RPI and its components in aggregate
and disaggregate levels could inform the policymakers whether the
citrus farmers have had an accurate information regarding climate
change issues or not, which is important to for a better climate re-
siliency campaign, such as improving the farmers understanding of
future climate risk or providing the precision climate adaptation stra-
tegies. Second, we find that farmers’ information access methods (mo-
bile-phone ownership, access to the internet, and connection to gov-
ernment authority) have a stronger influence for the farmers’
perception than conventional extension systems, such as extension and
training meetings, and farmers groups (farmers group and cooperative).
The use of ICT should be embraced by extension programmes which can
seek to complement farmers’ independent sourcing of information
through training on self-learning and rational information seeking be-
haviours along with traditional extension approaches (i.e. direct in-
formation provision and training).
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Appendix
Table Al
Seemingly unrelated regression and ordered logit model estimation for risk perception index, perceived likelihood and perceived impact of increasing air temperature.
Variables RPI Perceived Likelihood Perceived Impact
(Intercept) 5.829 bkl - -
(1.512) - -
District dummy (1 if Banyuwangi) -0.112 —-0.001 0.152
(0.388) (0.240) (0.246)
District dummy (1 if Jember) -0.316 —0.081 —-0.019
(0.421) (0.261) (0.267)
Gender (1 if male) —-1.227 0.116 —-1.184 sl
(0.899) (0.593) (0.576)
Age (year) —0.010 —0.004 —0.005
(0.015) (0.009) (0.009)
Citrus farming experience (year) —0.017 —0.002 —0.014
(0.016) (0.010) (0.010)
Experience the increasing air temperature in the last 10 years (1 if yes) 2.078 ok 1.208 sk 1.117 ok
(0.295) (0.201) (0.207)
Education (year) 0.163 ok 0.083 ki 0.098 ok
(0.044) (0.028) (0.029)
Ethnicity (1 if Javanese) —0.580 —0.304 —-0.172
(0.670) (0.431) (0.448)
HH size (person) 0.152 0.121 * 0.054
(0.108) (0.065) (0.069)
Citrus income (IDR million) 0.003 —0.003 0.003
(0.005) (0.003) (0.003)
Non-agricultural income (IDR million) —0.004 —0.003 —0.003
(0.004) (0.002) (0.002)
Water pump (unit) 0.451 * 0.091 0.258
(0.262) (0.162) (0.175)
Generator (unit) -1.075 b -0.523 * —0.386
(0.478) (0.294) (0.311)
Cattle (unit) 0.022 0.010 —0.020
(0.108) (0.060) (0.069)
Goat (unit) 0.007 —0.007 —0.002
(0.034) (0.022) (0.022)
Land (hectare) —0.087 0.027 —0.066
(0.066) (0.045) (0.044)
Citrus tree (number) 0.000 0.000 0.000
(0.000) (0.000) (0.000)
Mobile phone (unit) -0.327 sl —-0.301 il —0.063
(0.157) (0.097) (0.102)
Internet access (1 if yes) 0.707 0.708 ki —0.103
(0.369) (0.229) (0.238)
Citrus training (number) —0.042 —-0.073 0.040
(0.093) (0.059) (0.058)
Citrus extension (number) 0.004 0.002 —0.003
(0.019) (0.010) (0.012)
Climate extension (number) —0.099 * —0.028 —-0.078 e
(0.058) (0.031) (0.038)
Farmers group membership (1 if yes) —0.149 —0.077 0.024
(0.456) (0.283) (0.286)
Cooperative membership (1 if yes) —0.623 0.409 —0.948 i
(0.685) (0.447) (0.441)
Direct access to gov authority (1 if yes) 0.258 0.037 0.219
(0.356) (0.224) (0.231)
Citrus credit (1 if yes) 0.651 * 0.394 * 0.150
(0.332) (0.212) (0.213)
Citrus technology information source (1 if other farmers) —0.108 —0.447 ol 0.364 *
(0.344) (0.215) (0.219)
Climate information source (1 if none) —0.651 b —0.624 kel —0.086
(0.301) (0.191) (0.193)
y> =1 - 5.946 5.549
- (1.377) (1.135)
y> =2 - 0.798 1.543
- (0.955) (0.985)
y> =3 - —0.887 0.741
_ (0.956) (0.983)
y> =4 - —4.835 i —2.540 i
- (1.003) (0.988)
No. Observations 500 500 500
R-squared/LR chi2 0.209 104.76 82.33
P-value < 0.0001 < 0.0001 < 0.0001
Note: Standard error in parentheses. “*’, ‘**’, “***’ sjgnificant at 10%, 5%, and 1% levels, respectively.
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Table A2
Seemingly unrelated regression and ordered logit model estimation for risk perception index, perceived likelihood and perceived impact of increasing dry season
period.

Variables RPI Perceived Likelihood Perceived Impact

(Intercept) 4.690 el - -

(1.450) - -

District dummy (1 if —-0.153 —-0.227 0.284
Banyuwangi) (0.375) (0.234) (0.250)

District dummy (1 if —0.231 0.117 —0.254
Jember) (0.411) (0.256) (0.272)

Gender (1 if male) —-0.227 0.227 —0.594

(0.876) (0.568) (0.562)

Age (year) —0.003 —0.011 —0.002

(0.014) (0.009) (0.009)

Citrus farming —0.004 0.006 —0.008
experience (year) (0.016) (0.010) (0.010)

Experience the 1.253 ok 1.232 e 0.522 e
increasing dry (0.255) (0.188) (0.194)
season period in
the last 10 years
(1 if yes)

Education (year) 0.128 el 0.062 i 0.067 wx

(0.043) (0.027) (0.029)

Ethnicity (1 if -0.271 —-0.103 —0.063
Javanese) (0.653) (0.419) (0.438)

HH size (person) —0.089 —0.070 -0.109

(0.105) (0.068) (0.071)

Citrus income (IDR 0.000 —0.003 0.004
million) (0.005) (0.003) (0.003)

Non-agricultural —0.001 0.000 —0.001
income (IDR (0.004) (0.002) (0.002)
million)

Water pump (unit) 0.268 0.203 0.083

(0.255) (0.159) (0.174)

Generator (unit) —0.268 —0.247 —0.223

(0.466) (0.296) (0.305)
Cattle (unit) 0.056 0.062 —0.031
(0.106) (0.060) (0.068)
Goat (unit) 0.049 0.037 * 0.012
(0.033) (0.020) (0.022)
Land (hectare) 0.030 0.016 0.023
(0.065) (0.040) (0.042)
Citrus tree (number) 0.001 0.000 0.000
(0.000) (0.000) (0.000)
Mobile phone (unit) —-0.184 —-0.202 o 0.040
(0.153) (0.096) (0.103)

Internet access (1 if 0.560 0.629 wox —0.027
yes) (0.360) (0.230) (0.244)

Citrus training -0.126 —0.051 —0.067
(number) (0.090) (0.056) (0.064)

Citrus extension —0.024 —0.007 -0.029 xE
(number) (0.018) (0.012) (0.013)

Climate extension 0.053 0.012 0.104
(number) (0.056) (0.031) (0.071)

Farmers group 0.054 0.112 0.021
membership (1 if (0.446) (0.279) (0.296)
yes)

Cooperative —0.195 0.199 —0.242
membership (1 if (0.665) (0.428) (0.481)
yes)

Direct access to gov 0.204 —0.058 0.320
authority (1 if (0.347) (0.218) (0.231)
yes)

Citrus credit (1 if yes) 0.111 —0.021 —0.039

(0.323) (0.201) (0.215)
Citrus technology 0.030 0.046 0.138
information (0.336) (0.213) (0.223)
source (1 if other
farmers)
Climate information —0.059 0.120 —0.086
source (1 if none) (0.293) (0.185) (0.197)
y> =1 - 4.799 i 6.736 bl
- (1.074) (1.386)

y> =2 - 0.293 1.794 *
_ (0.912) (0.956)

y> =3 - —1.460 1.206
- (0.914) (0.954)

(continued on next page)
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Table A2 (continued)

Variables RPI Perceived Likelihood Perceived Impact

y> =4 - —4.944 -2.152 i
(0.974) (0.960)

No. Observations 500 500 500

R-squared/LR chi2 0.133 85.820 51.530

P-value < 0.0001 < 0.0001 0.004

Note: Standard error in parentheses. “*’, “**’, “**’ sjgnificant at 10%, 5%, and 1% levels, respectively.

Table A3
Seemingly unrelated regression and ordered logit model estimation for risk perception index, perceived likelihood and perceived impact of increasing rainy season
period.

Variables RPI Perceived Likelihood Perceived Impact
(Intercept) 5.263 wwE - -
(1.354) - -
District dummy (1 if 1.202 sk 0.321 1.055 sk
Banyuwangi) (0.349) (0.246) (0.287)
District dummy (1 if 0.711 * 0.172 0.458
Jember) (0.378) (0.260) (0.298)
Gender (1 if male) —0.046 -0.535 0.108
(0.808) (0.587) (0.670)
Age (year) —0.002 —0.009 0.005
(0.013) (0.009) (0.010)
Citrus farming —0.010 -0.017 * 0.010
experience (year) (0.014) (0.010) (0.011)
Experience the 1.327 o 1.198 0.602 i
increasing rainy (0.272) (0.202) (0.226)

season period in the
last 10 years (1 if

yes)
Education (year) 0.059 —0.012 0.106 wrk
(0.039) (0.027) (0.032)
Ethnicity (1 if Javanese) —-1.234 wH —0.547 —-0.677
(0.603) (0.426) (0.481)
HH size (person) 0.049 —0.001 0.106
(0.097) (0.067) (0.076)

Citrus income (IDR —0.002 —0.003 0.003
million) (0.004) (0.003) (0.003)

Non-agricultural income 0.005 0.003 0.001
(IDR million) (0.003) (0.002) (0.003)

Water pump (unit) 0.126 0.177 -0.037

(0.235) (0.164) (0.187)
Generator (unit) —-0.121 -0.177 —0.015
(0.429) (0.286) (0.338)
Cattle (unit) 0.032 0.005 0.025
(0.097) (0.062) (0.075)
Goat (unit) 0.023 0.017 —0.001
(0.031) (0.023) (0.025)
Land (hectare) —0.028 —0.026 —0.003
(0.060) (0.046) (0.048)
Citrus tree (number) 0.001 bl 0.001 bl 0.000
(0.000) (0.000) (0.000)
Mobile phone (unit) —0.387 wH -0.172 * —0.260 wH
(0.141) (0.097) (0.110)
Internet access (1 if yes) 1.044 bkl 0.381 * 0.729 ok
(0.332) (0.231) (0.266)
Citrus training (number) —0.094 —0.052 —0.070
(0.083) (0.059) (0.061)

Citrus extension -0.023 —0.018 —0.015
(number) (0.017) (0.012) (0.013)

Climate extension —0.001 —0.013 0.004
(number) (0.052) (0.032) (0.041)

Farmers group —0.060 0.066 —0.287
membership (1 if (0.409) (0.276) (0.319)
yes)

Cooperative 0.569 0.409 0.610
membership (1 if (0.612) (0.441) (0.502)
yes)

Direct access to gov -0.922 ok —0.458 bl -0.576 b
authority (1 if yes) (0.320) (0.221) (0.249)

(continued on next page)
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Table A3 (continued)

Land

Use Policy xxx (xxxx) Xxxx

Variables RPI
Citrus credit (1 if yes) 0.249
(0.299)
Citrus technology 0.344
information source (0.309)
(1 if other farmers)
Climate information —0.387
source (1 if none) (0.270)
y> =1 -
y> =2 -
y> =3 -
y> =4 -
No. Observations 500
R-squared/LR chi2 0.181
P-value < 0.0001

Perceived Likelihood

0.223
(0.206)

0.489 bl
(0.210)

—0.380 **
(0.189)

7.138 ok
(1.382)

2.108 bl
(0.958)
0.022
(0.955)
—4.584
(1.070)
500
87.920

%
%

< 0.0001

Perceived

Impact

0.076
(0.234)
—0.160
(0.242)

0.080
(0.214)
4.781
(1.475)
0.416
(1.094)
—0.267
(1.092)
—4.406
(1.118)
500
75.040

*
*

< 0.0001

Note: Standard error in parentheses. “*’, “**’, “***’ sjgnificant at 10%, 5%, and 1% levels, respectively.

Table A4
Seemingly unrelated regression and ordered logit model estimation for risk perception index, perceived likelihood and perceived impact of increasing excessive
rainfall.
Variables RPI Perceived Likelihood Perceived Impact
(Intercept) 5.266 el - -
(1.433) - -
District dummy (1 if Banyuwangi) 0.192 —0.098 0.329
(0.371) (0.242) (0.248)
District dummy (1 if Jember) —0.208 —0.443 * —0.095
(0.401) (0.259) (0.269)
Gender (1 if male) —0.410 0.290 —0.838
(0.854) (0.578) (0.576)
Age (year) —0.011 —0.008 —0.012
(0.014) (0.009) (0.009)
Citrus farming experience (year) 0.016 0.005 0.017 *
(0.015) (0.010) (0.010)
Experience the increasing excessive rainfall in the last 10 years (1 if yes) 1.080 el 0.717 ok 0.791 ek
(0.274) (0.195) (0.199)
Education (year) 0.076 * 0.036 0.031
(0.042) (0.027) (0.029)
Ethnicity (1 if Javanese) -1.122 * —0.606 —0.686
(0.635) (0.413) (0.452)
HH size (person) —0.033 —0.061 —0.002
(0.102) (0.067) (0.069)
Citrus income (IDR million) —0.008 * —0.006 o —0.001
(0.005) (0.003) (0.003)
Non-agricultural income (IDR million) —0.001 —0.001 0.000
(0.004) (0.002) (0.003)
Water pump (unit) 0.219 0.183 0.070
(0.248) (0.161) (0.163)
Generator (unit) —0.464 —0.245 —0.224
(0.453) (0.284) (0.303)
Cattle (unit) 0.052 —0.002 0.046
(0.103) (0.061) (0.067)
Goat (unit) 0.039 0.053 o —0.001
(0.032) (0.023) (0.022)
Land (hectare) 0.052 0.058 —0.004
(0.063) (0.049) (0.040)
Citrus tree (number) 0.001 * 0.000 0.000
(0.000) (0.000) (0.000)
Mobile phone (unit) —0.022 0.007 —0.013
(0.149) (0.097) (0.100)
Internet access (1 if yes) 0.265 0.159 0.096
(0.350) (0.228) (0.234)
Citrus training (number) —-0.130 —-0.105 * —0.064
(0.088) (0.059) (0.061)
Citrus extension (number) —0.034 * —0.032 o —0.015
(0.018) (0.014) (0.013)
Climate extension (number) —0.068 —-0.017 —0.041
(0.055) (0.031) (0.038)
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Table A4 (continued)

Land Use Policy xxx (xxxX) XxXxx

Variables RPIL Perceived Likelihood Perceived Impact
Farmers group membership (1 if yes) 0.845 * 0.592 i 0.243
(0.432) (0.292) (0.289)
Cooperative membership (1 if yes) 0.365 0.359 0.558
(0.646) (0.448) (0.456)
Direct access to gov authority (1 if yes) 0.003 —-0.126 0.098
(0.338) (0.220) (0.228)
Citrus credit (1 if yes) —0.049 0.240 —0.164
(0.314) (0.205) (0.213)
Citrus technology information source (1 if other farmers) 0.330 0.230 0.031
(0.326) (0.210) (0.218)
Climate information source (1 if none) —0.088 0.016 0.006
(0.285) (0.187) (0.193)
y> =1 - 0.000 7.275 ok
- (0.000) (1.397)
y> =2 - 1.143 1.880 *
- (0.932) (0.977)
y> =3 - —0.750 1.328
- (0.931) (0.976)
y> =4 - -5.663 il —2.208 o
(1.106) (0.980)
No. Observations 500 500 500
R-squared/LR chi2 0.126 61.730 47.900
P-value < 0.0001 0.0002 0.011

Note: Standard error in parentheses. *’, “**

significant at 10%, 5%, and 1% levels, respectively.

Seemingly unrelated regression and ordered logit model estimation for risk perception index, perceived likelihood and perceived impact of increasing flood.

Table A5
Variables RPI
(Intercept) 4.528 e
(1.076)
District dummy (1 if Banyuwangi) 0.476 *
(0.279)
District dummy (1 if Jember) 0.385
(0.307)
Gender (1 if male) —0.230
(0.650)
Age (year) —0.014
(0.011)
Citrus farming experience (year) 0.004
(0.012)
Experience the increasing flood in the last 10 years (1 if yes) 3.335 ok
(0.283)
Education (year) 0.017
(0.032)
Ethnicity (1 if Javanese) —0.757
(0.485)
HH size (person) —-0.124
(0.078)
Citrus income (IDR million) 0.009 o
(0.003)
Non-agricultural income (IDR million) 0.000
(0.003)
Water pump (unit) 0.017
(0.189)
Generator (unit) —0.185
(0.347)
Cattle (unit) 0.078
(0.079)
Goat (unit) —0.026
(0.025)
Land (hectare) —0.092 *
(0.048)
Citrus tree (number) 0.000
(0.000)
Mobile phone (unit) —0.010
(0.113)
Internet access (1 if yes) 0.563 o
(0.267)

14

Perceived Likelihood

Perceived Impact

0.275
(0.266)
-0.271
(0.299)

0.354
(0.610)

0.001
(0.010)

0.003
(0.011)

3.058
(0.311)
—0.029
(0.030)
—0.513
(0.479)
—0.205
(0.077)

0.007
(0.003)

0.001
(0.003)
-0.189
(0.185)
—0.365
(0.337)

0.070
(0.064)
—0.019
(0.024)
—0.084
(0.048)

0.000
(0.000)
—0.023
(0.109)

0.691
(0.262)

ke

0.778 el
(0.253)

0.843 ok
(0.276)
-0.767
(0.564)
—0.008
(0.010)
—0.008
(0.010)

0.558
(0.284)

0.081
(0.029)
—0.348
(0.455)

0.043
(0.071)

0.004
(0.003)
—0.002
(0.003)

0.338 *
(0.174)

0.114
(0.317)

0.007
(0.068)

—0.033
(0.022)
—0.069
(0.043)

0.000
(0.000)

0.052
(0.102)

—0.225
(0.245)

(continued on next page)
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Table A5 (continued)

Land Use Policy xxx (xxxX) XxXxx

Variables RPI
Citrus training (number) 0.016
(0.067)
Citrus extension (number) 0.004
(0.014)
Climate extension (number) —0.062
(0.042)
Farmers group membership (1 if yes) —0.209
(0.330)
Cooperative membership (1 if yes) -0.173
(0.494)
Direct access to gov authority (1 if yes) -0.999 ok
(0.259)
Citrus credit (1 if yes) —0.148
(0.240)
Citrus technology information source (1 if other farmers) 0.359
(0.249)
Climate information source (1 if none) 0.034
(0.218)
y> =1 -
y> =2 -
y> =3 -
y> =4 -
No. Observations 500
R-squared/LR chi2 0.328
P-value < 0.0001

Perceived Likelihood

Perceived Impact

0.002
(0.064)
0.008
(0.013)
—0.134
(0.073)
0.126
(0.314)
—0.427
(0.508)
—0.781
(0.259)
—0.039
(0.230)
0.297
(0.244)
—0.226
(0.208)
3.738
(1.045)
—0.541
(1.020)
—2.265
(1.031)
—6.265
(1.249)
500
163.160
< 0.0001

T

ke

0.002
(0.062)
—0.004
(0.012)
0.101 *
(0.053)
—0.400
(0.285)
0.303
(0.468)
-0.757 ok
(0.240)
—0.007
(0.218)
0.259
(0.221)
0.429
(0.200)
5.881 ok
(1.194)
1.548
(0.967)
0.999
(0.966)
-2.419 **
(0.971)
500
85.850
< 0.0001

*
*

Note: Standard error in parentheses. “*’, “**’) “***’ sjgnificant at 10%, 5%, and 1% levels, respectively.

Table A6
Seemingly unrelated regression and ordered logit model estimation for risk perception index, perceived likelihood and perceived impact of increasing destructive
wind.
Variables RPI Perceived Likelihood Perceived Impact
(Intercept) 4.538 ek - -
(1.157) - -
District dummy (1 if Banyuwangi) —-0.123 —0.322 0.457 *
(0.301) (0.251) (0.248)
District dummy (1 if Jember) —0.087 -0.324 0.365
(0.327) (0.273) (0.270)
Gender (1 if male) 0.129 0.286 —0.421
(0.697) (0.552) (0.559)
Age (year) —0.014 —0.007 —0.010
(0.011) (0.010) (0.009)
Citrus farming experience (year) 0.009 0.008 0.003
(0.012) (0.010) (0.010)
Experience the increasing destructive wind event in the last 10 years (1 if yes) 2.885 ok 2.452 ok 1.126 ok
(0.321) (0.310) (0.292)
Education (year) 0.003 —0.025 0.069 *x
(0.034) (0.029) (0.029)
Ethnicity (1 if Javanese) —0.208 —-0.204 —0.229
(0.520) (0.439) (0.452)
HH size (person) -0.107 —0.100 —0.006
(0.084) (0.070) (0.069)
Citrus income (IDR million) 0.006 0.004 0.004
(0.004) (0.003) (0.003)
Non-agricultural income (IDR million) 0.006 * 0.006 e 0.001
(0.003) (0.002) (0.003)
Water pump (unit) —0.220 —0.231 0.012
(0.203) (0.175) (0.168)
Generator (unit) —-0.139 —-0.271 0.005
(0.371) (0.312) (0.303)
Cattle (unit) 0.071 0.107 * —0.038
(0.084) (0.063) (0.067)
Goat (unit) 0.004 0.007 —0.022
(0.026) (0.022) (0.021)
Land (hectare) 0.069 0.005 0.071 *
(0.051) (0.042) (0.042)
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Table A6 (continued)

Land Use Policy xxx (xxxX) XxXxx

Variables RPIL Perceived Likelihood Perceived Impact
Citrus tree (number) 0.000 0.000 0.000
(0.000) (0.000) (0.000)
Mobile phone (unit) —0.054 0.045 —-0.127
(0.122) (0.101) (0.102)
Internet access (1 if yes) 0.138 0.349 —0.427 *
(0.286) (0.238) (0.237)
Citrus training (number) —0.040 —0.033 —0.052
(0.072) (0.056) (0.059)
Citrus extension (number) —0.005 —0.001 —0.007
(0.015) (0.012) (0.012)
Climate extension (number) -0.077 * -0.112 * 0.055
(0.045) (0.061) (0.038)
Farmers group membership (1 if yes) 0.249 0.447 —0.312
(0.354) (0.289) (0.292)
Cooperative membership (1 if yes) —0.093 —0.190 0.556
(0.529) (0.455) (0.462)
Direct access to gov authority (1 if yes) —0.824 sk —0.517 i —0.942 ek
(0.277) (0.236) (0.236)
Citrus credit (1 if yes) -0.215 -0.156 —0.026
(0.257) (0.214) (0.213)
Citrus technology information source (1 if other farmers) 0.284 0.279 0.049
(0.267) (0.225) (0.219)
Climate information source (1 if none) —0.116 —-0.184 0.148
(0.233) (0.194) (0.196)
y> =1 - 3.395 ik 6.532 bkl
- (0.963) (1.182)
y> =2 - —0.136 2.322 i
- (0.942) (0.951)
y> =3 - —2.395 o 1.581 *
- (0.954) (0.948)
y> =4 - - -1.626 *
- - (0.949)
No. Observations 500 500 500
R-squared/LR chi2 0.211 108.600 72.150
P-value < 0.0001 < 0.0001 < 0.0001

Note: Standard error in parentheses. “*’, “**’, “**’ sjgnificant at 10%, 5%, and 1% levels, respectively.
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