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Abstract 

Rice cultivation in Sub-Saharan Africa produces a negative externality in the form 
of higher malaria risk. Larval source management, such as the application of bio-
larvicides in rice fields, is available to mitigate the problem. However, the cost of larvi‑
cide and the corresponding spraying campaigns is such that rice farmers are unable 
to carry all of the financial burden themselves. This study explores in a rice-growing 
area of Rwanda whether, and to what extent, local consumers are willing to share 
this burden through their consumption choices. In a non-incentivized format, we 
elicit willingness-to-pay from 290 respondents for locally produced rice that is culti‑
vated in either sprayed or non-sprayed fields. Price premium estimates are extracted 
to discuss the prospects of a voluntary sustainability standard for ‘malaria-free’ rice. 
We observe robust support among local consumers to re-align food production 
and public health through the marketplace. The results thus warrant a critical reflection 
on the assumption in the ethical consumption literature that consumers in the Global 
South, especially those on low incomes in rural areas, cannot play their part.
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Introduction
While beans have traditionally been the main staple food of Rwanda, as witnessed by 
the world’s highest per capita bean consumption (CGIAR, 2015), the food crop that cur-
rently takes the largest share from the food budget of Rwandan households is rice (Ghins 
and Pauw 2018). The Ministry of Agriculture predicts rice consumption to jump from 
11.4 kg per person per year in 2018 to 14.4 and 17.4 kg by 2024 and 2030, respectively 
(MINAGRI 2021). Given this projected increase in demand, exacerbated by strong pop-
ulation growth at 2.5% per year, and the government’s aim to increase the rice self-suffi-
ciency ratio from 47.7% (2018) to 90% in 2030, an ambitious expansion of the country’s 
rice cultivation area is foreseen alongside yield improvement measures.
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This prospect of expanding rice fields is problematic from a public health perspec-
tive, however. Rice cultivation is often linked to enhanced malaria risk, as rice pad-
dies constitute an attractive breeding habitat for Anopheles mosquitoes. A systematic 
review of studies analysing this link across Sub-Saharan Africa corroborates that 
malaria incidence tends to be higher in rice-growing villages compared to communi-
ties without rice cultivation, at least when focussing on studies conducted since 2013 
(Chan et al. 2022). A study by Mangani et al. (2022) in Malawi evidences more spe-
cifically how malaria incidence varies with proximity to a rice cultivation site. House-
holds residing within a 3  km perimeter around a rice irrigation scheme in central 
Malawi had a 41% higher probability of malaria infection than those living at 3–6 km 
distance. The authors corroborate that this infection rate was mediated by a higher 
density of Anopheline mosquitoes. Our own work in Ruhuha sub-district in south-
eastern Rwanda, i.e., the focus area of this paper, established that rice-growing house-
holds reported more fever, as a proxy for malaria, than those not involved in rice 
cultivation (Rulisa et al. 2022). This aligns with existing evidence that rice cultivation 
entails a negative externality in terms of disease burden, undermining recent progress 
in the country’s fight against malaria. Karema et  al. (2020) point out that Rwanda’s 
acclaimed success in malaria control, which they attribute to ‘high coverage of effec-
tive malaria interventions and massive investment in health systems strengthening’ 
(p. 10), remains vulnerable to setbacks as a result of changing interactions between 
humans and vectors. The expansion of wet agriculture may qualify as such and 
thereby presents a fresh policy challenge. Malaria exposure is not (yet) on the radar 
of Rwanda’s agricultural policymakers; insofar national agricultural policies focus on 
health; the main focus is on nutrition.

A solution to minimize the adverse impact from rice on malaria is to spray rice pad-
dies with biological larvicide, most commonly Bacillus thuringiensis var. israelensis (Bti), 
which has proven effective in reducing the Anopheles population in sub-Sahara Afri-
can settings, albeit to varying degrees depending on context, quality of application, and 
ancillary malaria control measures (Derua et al. 2019). However, sustaining a larvicid-
ing campaign is costly. For reference, an elaborate costing exercise of community-based 
larval source management using Bti in a rural district in Malawi amounted to imple-
mentation costs of US$20.46 (2017 dollars) per person per annum, which increased to 
US$25.06 if the opportunity costs of voluntarily dedicated time by community members 
were added (Phiri et al. 2021). Within our study area in Rwanda, we have assessed (ex-
ante) willingness-to-pay among members of rice farmer cooperatives to co-finance a 
larviciding campaign in their paddies and found positive (non-zero) but modest contri-
butions in the range of 15–25% of full cost coverage (Rulisa et al. 2021). After carrying 
out a 6-month larviciding pilot with three rice cooperatives in Ruhuha in 2015, this level 
of willingness-to-pay was broadly maintained in two out of three cooperatives ex-post, 
i.e., when revisiting these farmer groups 18 months after the pilot (early 2017). When 
discussing financial sustainability of larviciding during focus group conversations with 
the rice farmers at the time, several participants pointed to the financial co-responsibil-
ity of consumers in keeping rice production ‘malaria-free’. The suggestion was made to 
raise the market price of rice, allowing for a partial pass-through of the extra cost of lar-
viciding to local consumers. To what extent the local customer base for rice in Ruhuha, a 
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distinctly rural area, is willing to offer such financial support is the main question of this 
paper.

Involvement of consumers in tackling negative externalities of production is well-
established within the concept of ‘ethical’ or ‘responsible’ consumption, which Oh and 
Yoon (2014) define as “conscientious consumption that takes into account health, soci-
ety, and natural environment based on personal and moral beliefs”. It concerns volun-
tary acts of consumption favouring products that avoid or minimize negative impacts 
on society. However, this idea is strongly centred around consumers in the Global North 
(Gregson and Ferdous 2015). Ethical responsibilities are projected on Northern consum-
ers “by virtue of their position at the apex of global value chains” (ibid., 244), while the 
Global South is primarily envisaged as a site of (export) production rather than one of 
consumption. Gregson and Ferdous (2015) argue that, by implication, it is assumed that 
“ethical consumption and ethical consumers are absent from the South” (ibid., 245).

The authors dispute the latter suggestion in reference to the strong emergence of 
middle-class consumers in the Global South. In our case, we also question the implicit 
assumption that ethical considerations are out of league for consumers in the Global 
South, but simultaneously put Gregson and Ferdous’ assumption that consumer respon-
sibility is “inevitably middle class” (ibid., p. 252) to the test. We present rural consumers 
in Ruhuha, who do not fit the ‘middle class’ category, with a hypothetical choice that 
features a package of rice with a smaller public health footprint than the mainstream 
option, and manipulate prices to detect any premium for the more socially responsible 
alternative. Note that the results may not only serve to assess the potential for voluntary 
(private) initiatives to push malaria-free rice, but might also inform policymakers on the 
degree of popular support for ‘command and control’ policies, such as a consumption 
tax on non-sprayed rice.

A distinctive aspect of our study is the focus on ethical food consumption involving a 
health externality, as the bulk of ethical initiatives in agri-food value chains address con-
sumer concerns regarding socio-economic or environmental impacts from agriculture 
or agro-processing. Securing a ‘living wage’ for agricultural workers, abolishing child 
and bonded labour, and reducing deforestation are prominent examples. Therefore, we 
first scope a set of studies that relate agriculture in the Global South to negative health 
impacts and review the proposed policy instruments targeted at consumers to mitigate 
these. Then we position our willingness-to-pay (WTP) study vis-à-vis the (limited) body 
of evidence on WTP for ethical attributes of rice in the Global South. The Methods and 
Data section elaborates on the study setting, explains the consumer choice format used 
for WTP elicitation, and introduces the sample. In the Results section, the WTP out-
comes are analysed and its main drivers identified, which feeds into policy-oriented 
reflections in the Discussion section. Finally, we briefly revisit the assumption that ethi-
cal consumerism is the prerogative of affluent consumers in the Conclusions section.

Literature review

Leveraging consumer instruments to address agro‑based health externalities

The negative impact on public health from rice cultivation presents a classic market fail-
ure, as the societal cost of increased exposure to malaria is not factored into the mar-
ket price of rice. The textbook policy response to such a negative externality would be a 
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Pigouvian tax to re-align private and social cost (Mulligan 2023). A consumption tax on 
rice, or a production tax levied on rice farmers, could be employed to raise the market 
price to its social optimum. Popular support for such interventions that localize societal 
costs depends strongly on the degree to which the negative externality is acknowledged 
and understood by the consuming public (Fitzgerald et al. 2016).

Apart from such a corrective tax-based approach, however, externalities that arise in 
agricultural commodity sectors can also be targeted by voluntary sustainability stand-
ards (VSS). Rather than relying on the government’s tax powers, VSS are voluntarily 
taken up by the private sector itself to address societal concerns. Design and/or imple-
mentation can be organized in collaboration with the civil society groups that advocated 
for change, and may involve (inter)governmental institutions as well. UNCTAD (2020) 
defines VSS as “private standards that address not only product quality and attributes, 
but also production and processing methods”. As such, these are “standards that require 
products to meet specific economic, social or environmental sustainability metrics”, 
which may include “respect for basic human rights, worker health and safety, the envi-
ronmental impact of production, community relations, land use planning and others” (p. 
2). Standards related to worker rights (fair trade certification) or environmental impacts 
(eco-labels) have gained most traction (Marx et al. 2022). Hence, the focus of VSS is on 
the (non-tangible) ethical attributes of agricultural commodities rather than, or along-
side, its intrinsic or extrinsic quality attributes. Note that the VSS approach re-interprets 
the market failure as an information asymmetry between producers and consumers, 
where the latter cannot distinguish between products that were produced sustainably or 
not (UNCTAD 2020). This asymmetry can be redressed if a VSS is put in place, commu-
nicated to consumers through a recognisable seal on-pack and backed up by a credible 
verification process.

No systematic review is available to offer guidance on whether a tax-based or VSS-
oriented solution is more feasible or effective in addressing agriculture-driven negative 
health externalities. In fact, adverse health effects from food production in the Global 
South have only recently gained more structural attention. Rohr et al. (2019) provide a 
comprehensive review of the links between food production and communicable disease 
risk from a global perspective. Such a focussed review could not be retrieved for the 
relation between food production and non-communicable disease risk, but Pullar et al. 
(2018) indirectly produce one. They screen development interventions in low and lower-
middle income countries, concentrated in the agricultural domain, for impacts on non-
communicable disease. First we extract singular cases of negative health externalities 
from both reviews and, subsequently, scope the literature to purposively retrieve studies 
related to each of these cases. As entry points we performed a literature search on the 
combination of the agricultural activity producing the externality, often a specific com-
modity, and the corresponding health risk. The studies retrieved were then filtered on 
containing either an evaluation of, or proposition for, a consumer price instrument. Full 
texts were screened by using ‘consumer’, ‘consumption’, ‘price’, ‘policy’, ‘certification’ and 
‘tax’ as individual search terms. This scoping exercise resulted in a set of six qualifying 
studies. Table 1 profiles these cases according to five features that define the rice-malaria 
case in Ruhuha and are listed in the first column. The remaining columns explore the 
degree to which each of the cases from the literature (a to f) share these features. The 
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degree of similarity is primarily used to guide the framing of the WTP elicitation (tax or 
VSS), but Table 1 simultaneously serves as a preliminary attempt to arrive at a typology 
of agriculture-driven health externalities in the Global South.

The scoping exercise failed to encounter a case on the rice-malaria nexus itself. Case 
(a) deals with increased malaria exposure from cash crop cultivation due to land conver-
sion, although the underlying channel is different. Instead of rice cultivation, the driver 
is deforestation linked to plantation agriculture (see Burkett-Cadena and Vittor (2018) 
for a review on this link). Only one other case (d) is concerned with infectious disease 
risk from agricultural activity, but of a zoonotic rather than parasitic nature. The remain-
ing cases concern non-communicable health conditions, either related to rice specifi-
cally (b and c) or another crop (e and f).

Table 1  Consumer price instruments to mitigate negative agriculture-driven health externalities in 
the Global South: own-case comparison

Colour-coding of dots indicate degree of similarity with our case; black dot = strong similarity or shared feature; half black/
half white dot = medium similarity; white dot = weak or no similarity

#(N)CD = (Non-) Communicable Disease

*VSS = Voluntary Sustainability Standard
‡ Tax is proposed to be levied at country level based on a nation’s global consumption share; governments may choose to 
pass the cost on to local consumers

Ruhuha case, 
Rwanda

(a) 
Chaves et al.
(2020)

(b) 
Okpiaifo 
et al.
(2020)

(c)
Runkle et al. 
(2021)

(d)
Larnder-
Besner et al. 
(2020)

(e)
Hangoma 
& Surgey 
(2019)

(f)
Estrada (2018)

Health exter‑
nality
.. concerns 
mosquito-
borne infec‑
tious disease 
(malaria)

● ○ ○ ◑ ○ ○
NCD#

[occupational 
hazards]

NCD
[arsenic 
poisoning]

CD#

[zoonotic 
pandemic 
risk]

NCD
[obesity-
linked 
diseases]

NCD
[lifestyle dis‑
eases]

.. stems from 
wet agricul‑
ture (rice 
cultivation)

◑ ● ● ○ ◑ ◑
Crop agricul‑
ture
[e.g. cocoa, 
coffee]

Livestock 
production 
[meat]

Crop 
agriculture 
[sugarcane]

Crop agriculture 
[tobacco]

.. emerges 
exclusively in 
production 
stage

● ● ◑ ◑ ○ ○
[e.g. agro‑
chemical 
exposure]

Production & 
consumption
[toxic metal‑
loids]

Entire value 
chain

Consumption 
stage [intake 
of sugary 
foods]

Consumption 
stage [smoking]

.. impacts 
producers & 
production 
area residents

● ◑ ○ ◑ ○ ○
Producers 
only

Consumers 
only

All Consumers 
only

Consumers & 
co-residents 
[second-hand 
exposure]

.. is localized
(spatial 
proximity of 
producers, 
consumers 
& affected 
residents)

○ ◑ ◑ ◑ ◑ ◑
International 
[Southern 
farmers v. 
consumers in 
North]

National 
[Nigeria; rural 
farmers v. 
urban con‑
sumers]

National 
& regional 
[South(east) 
Asia]

Local & global
[meat prod‑
uct exports]

National
[Zambia]

National
[Philippines]

(Proposed) 
consumer 
price instru‑
ment

VSS*
[crop-specific]

VSS
[crop-specific]

VSS
[crop-specific]

Tax‡

[global]
Excise tax 
[national]

Excise tax 
[national]
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More interestingly from a typological point of view is the variation in locus of the 
externality (see fourth row). Where malaria is concerned, it emerges exclusively in the 
production stage. The NCD equivalent of such a production-only externality is observed 
in case (b), which highlights occupational health hazards for rice farmers in Nigeria, in 
particular agrochemical exposure. By contrast, a health externality may also be contin-
gent on the act of consumption, even if the root cause of the problem lies in the culti-
vation stage. This is the case of arsenic poisoning risk when eating polluted rice (c). In 
other cases the health externality is unrelated to the production process altogether, and 
exclusively stems from (over)consuming a specific agricultural output, such as sugar or 
tobacco (e and f). In special instances, the externality is tied to intermediate value chain 
stages. An example is presented by case (d), where the trading stage is considered the 
most risky in terms of spreading zoonotic disease.

This locus of the externality to some extent predicts the incidence of health impacts 
(fifth row). Producers (consumers) are the main at-risk category if the externality is tied 
to the act of production (consumption). Communicable diseases like malaria, however, 
travel beyond the actors involved in the value chain of an agricultural commodity and 
potentially affect all residents within the wider cultivation area. Such amplification of 
impact beyond chain actors is less likely in the case of NCDs, or if the externality is tied 
to consumption, but the second-hand smoke exposure that tobacco users inflict on non-
smokers (case f) presents a counterexample. This draws attention to the spatial proximity 
of different stakeholders in a case (sixth row). Our Ruhuha case is unique in this respect, 
as producers, consumers and affected others co-reside in a relatively small area. In fact, 
the producer and consumer categories partly overlap. This contrasts with cases where 
consumers are physically distant from cultivation sites, such as in the case of export 
crops that cater for international consumers (a). Even if consumption is domestic, urban 
consumers can be physically, but also psychologically, quite distant from farming com-
munities. Metropolitan rice consumers in Lagos, Nigeria, are a case in point (b). It is 
different in the case of cocoa and coffee (a), where Northern consumers are located far 
from the cultivation sites in the Global South and thus effectively shielded from negative 
health impacts.

The selected studies are equally split where it concerns the preferred consumer price 
instrument to deal with the health externality at hand. Three cases put forward a volun-
tary sustainability standard (a, b, and c), while the remaining cases evaluate a tax-based 
solution (d, e, and f). In the latter group two cases evaluate an excise tax labelled as ‘sin 
tax’, connected to the harm that consumption inflicts (e and f). This fits a wider trend of 
‘sin taxes’ no longer being confined to affluent Northern consumers, but proliferating 
in low- and middle-income countries as well (Elliott et  al. 2022). Such health-minded 
policies are enacted in spite of the economic importance of the impacted agricultural 
sectors, such as sugarcane and tobacco cultivation. Yet, such a sharp trade-off between 
consumer and producer interests does not apply to rice. Rather than qualifying as a 
temptation good for which demand needs to be curbed, higher consumption levels of 
rice are desired in the Rwandan context to enhance dietary diversity. Signalling other-
wise in the form of taxation does not seem a recommendable policy, therefore. Also, the 
‘sin tax’ cases share relatively few characteristics with the rice-malaria case, as per the 
overview in Table 1.



Page 7 of 27Rulisa et al. Agricultural and Food Economics           (2023) 11:30 	

The two most similar cases (a and b), which share at least two features, both opt for 
a voluntary sustainability standard, offering consumers the possibility to weigh up the 
competing objectives of dietary diversity versus malaria risk individually. The Nigerian 
case (b) explicitly refers to an existing VSS in the rice sector, launched as a global initia-
tive by the Sustainable Rice Platform (SRP) in 2015 under the auspices of UNEP and the 
International Rice Research Institute (IRRI). The standard’s latest update (SRP 2020) has 
specific attention for producer health (occupational hazards), but does not mention the 
risk of creating a habitat for malaria mosquitoes, nor makes any other link to communi-
cable disease risk. Hence, we consider a VSS to be the most appropriate policy instru-
ment to explore in our case, but opportunities to buy in on an existing global standard 
seem absent.

Evidence on willingness to pay for ethical attributes of rice

A VSS likely involves a mark-up on price in compensation for compliance with the 
standard. However, Marx et al. (2022) point out that “price premiums are not guaranteed 
and depend on consumers’ willingness to pay” (p. 24). This condition seems particularly 
critical in Rwanda’s rural context, where poverty and food insecurity are widespread. 
Therefore, we test the following hypothesis: A VSS can be leveraged as effective instru-
ment to internalize the public health cost of malaria-inducing rice cultivation among 
rural consumers in Rwanda. This implies a substantial share of local consumers commit-
ting to non-zero premium payment.

Unfortunately, studies on WTP for extrinsic health attributes of rice have not been 
encountered in the context of low- or middle-income countries. It is nonetheless help-
ful to review WTP studies conducted in the Global South on other extrinsic attributes 
of rice, especially environmental friendliness, if only to mark out how the current WTP 
study supplements the existing body of evidence. This evidence is highly concentrated 
in middle-income Asian countries and tends to be biased towards urban, well-educated 
consumers, as illustrated below.

Zhou et al. (2017) carry out a discrete choice experiment among Chinese consumers 
for rice with and without an eco-label. The sample is recruited from several cities in rice-
cultivating provinces and is reportedly younger, higher-educated and wealthier than the 
average Chinese consumer. The study finds average WTP to be in the range of 35–45% 
for eco-labelled rice, driven by consumers with high levels of environmental awareness, 
high family income, and strong educational qualifications. A more representative con-
sumer sample for China features in a study by Wang and Gao (2017). Their online sur-
vey explores WTP for rice produced in a traditional rice-fish system rather than under 
monoculture, where the former is the environmentally sustainable option. It uses a spe-
cific contingent valuation technique where respondents pick out their maximally accept-
able price from an ordered list of threshold values (payment card approach). On average 
a 41% premium was recorded for the more sustainable option. Similar to Zhou et  al. 
(2017), premium payment is concentrated among consumers with relatively high levels 
of household income and strong intrinsic motivation with respect to ecological values. 
Unfortunately, respondents were apparently not cued on the potential health benefit that 
an integrated rice-fish system embodies. As acknowledged by the authors, the presence 
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of larvivorous fish inhibits the growth of mosquitoes and other insects in the rice pad-
dies, and thereby reduces vector-borne disease risk.

My et al. (2018) link WTP more directly to VSS implementation in the Vietnamese rice 
sector. The VSS in question is VietGap, a national multi-sector sustainability standard. They 
invited a sample of urban consumers to participate in incentive-compatible WTP bidding for 
rice with and without the VietGap logo. The bidding applies the BDM mechanism, which is 
similar to a second-price auction, but prices are generated by a random device rather than 
shaped by competing buyers (Flynn et al. 2016). The study reveals an average price premium 
in the range of 9–33% for VietGap-certified rice, depending on the amount of information 
provided to participants on VietGap’s criteria and traceability system. Concerns about the 
environment as well as food safety proved significant predictors in explaining whether certi-
fied rice commanded a premium. In line with the results obtained on Chinese consumers, 
premium payers were concentrated in the upper-middle income segment. Finally, Connor 
et al. (2022) recruited a sample of Vietnamese city dwellers to assess WTP for rice certified 
according to the SRP-standard introduced before. Unlike My et al. (2018), the authors opt for 
a (hypothetical) contingent valuation approach, motivated by the fact that actual SRP-certi-
fied rice does not yet exist as a product in Vietnam. Respondents freely state their maximally 
acceptable price for certified rice in reference to the posted price of non-certified rice. In such 
as open-ended elicitation, no reference prices are posted to guide participants, unlike in the 
payment card approach. An average price premium of 29% for SRP-compliant rice is docu-
mented, which increases with respondents’ knowledge on climate change and level of house-
hold income.

A marked difference between the abovementioned studies and our WTP study con-
cerns the economic status of the consumer sample, which is radically lower in Ruhuha. 
The average monthly household income in Zhou et  al.’s (2017) study is US$1030 and 
Wang and Gao (2017) report that less than a quarter of their sampled households live 
on earnings below US$1135. Connor et al.’s (2022) sample is somewhat less wealthy, at 
an average monthly household income of US$850, but a large gap remains with rural 
Rwanda, where agricultural households earn US$204 on average (Smith et  al. 2020). 
Notwithstanding this low living standard, which likely suppresses WTP for extrinsic 
characteristics of rice, a potential counterbalancing factor lies in the spatial proximity of 
consumers in Ruhuha to rice cultivation sites, such that their own community, including 
their own household, is likely exposed to higher health risk. This direct impact loop is 
arguably weaker in the Asian studies discussed here.

Methods and data
Study setting

The location of the study is the sub-district (sector) of Ruhuha, situated within Buge-
sera district of Rwanda’s Eastern province. Despite Bugesera’s proximity to the country’s 
capital city of Kigali, at a distance of only 42 km, the district’s livelihood profile remains 
distinctly agricultural. Four out of every five households in Bugesera depended on agri-
culture in the 2019/2020 season, predominantly combining crop and livestock produc-
tion (NISR 2021). The most commonly grown crops are beans, maize, cassava, sweet 
potato and banana. Paddy rice cultivation constitutes the main livelihood of an estimated 
4500 households in the district, which equals 4.3% of its agricultural households. This 
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exceeds the national share of 3.2%, signalling Bugesera’s comparative advantage in rice. 
Yet, it only comes 7th out of a total of 30 Rwandan districts in terms of rice involvement.

Within Bugesera’s sub-district of Ruhuha, rice cultivation is concentrated in four low-
lying marshland areas, all connected to the Akagera river system. These marshlands 
have been shown to serve as important habitats for Anopheles gambiae and thus play a 
crucial role in local malaria transmission (Murindahabi et al. 2021). Malaria is consid-
ered endemic in Ruhuha, which experiences two malaria transmission peaks (October–
November and March–May) associated with the seasonality of rains and the cycle of rice 
cultivation. At the time of the research (2017), Ruhuha featured among the sub-districts 
with the highest malaria incidence in the country; it registered over 400 cases of malaria 
per 1000 inhabitants (USAID 2019). The public health costs associated with such a high 
case rate are substantial. On average a single case costs approximately US$2.10 in diag-
nosis and treatment, based on a back-of-the-envelope calculation using data collected by 
Masimbi et al. (2022) on the ratio of simple to severe malaria cases, healthcare-seeking 
behaviour, and unit costs at the respective healthcare facilities in Kayonza, an equally 
high-endemic district in Eastern province, in 2018.

The profile above suggests that the rice-malaria nexus is more intense in Ruhuha than 
elsewhere in the country, and thus presents a ‘critical case’ (Patton 2002). Against the 
backdrop of falling prevalence rates in Rwanda in recent years, Ruhuha still classified 
among the top-4 sub-districts in terms of malaria case rate (250–450 per 1000 category) 
in 2020/2021 (USAID 2022). This exceeds the rate reported for several sub-districts with 
a higher dependence on rice. For example, Rwamagana (Eastern province) recorded 
fewer than 250 cases while supplying 40 per cent of the national rice supply and Huye 
(Southern province), where 15% of agricultural households cultivate rice, also remains 
below this mark.

Willingness‑to‑pay elicitation

Since rice with a ‘malaria-free’ product claim is not yet on the market, we rely on stated 
rather than revealed preferences for WTP elicitation, at the cost of potential hypotheti-
cal bias (Harrison 2006). The WTP elicitation format, visualised in Fig. 1, is most akin to 
a double-bounded dichotomous choice (DBDC), which is an iterative approach where 
respondents are guided towards their WTP through a sequence of dichotomous choices. 
Compared to the standard DBDC format, such as applied by Kajale and Becker (2015) 
to detect WTP for ‘golden’ rice in India, we build in an extra choice at higher-bid levels, 
creating in fact a ‘triple-bounded dichotomous choice’ (Venkatachalam 2004). Our moti-
vation for a dichotomous choice format over open-ended or payment card formats is, 
first, that it “requires less mental effort by the respondent” (Loomis 1990, p. 84), which 
is relevant in a setting like ours where most respondents have little formal education. 
Second, it allows respondents more time to think, which has been shown to less inflated 
WTP statements compared to one-off formats in a developing country context (Whit-
tington et al. 1992).

These merits outweigh the observed disadvantages of DBDC in our view, which 
include respondent fatigue, starting point bias, and ‘yea-saying’ (Venkatachalam 2004; 
Sajise et al. 2021). Respondent fatigue seems a minor issue with at most three choices 
presented per respondent and starting point bias is to some extent neutralised by 
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consumers’ familiarity with purchases of rice (with a well-known base price) com-
pared to products that constitute a real innovation to the consumer. ‘Yea-saying’ is a 
valid concern that should be acknowledged, especially in reference to those who set-
tle for the lowest positive bid. To minimize this, the usual primer against ‘cheap talk’ 
has been included in the respondent instructions. Participants were reassured that 
they were not actually paying for the rice and that they would not actually receive it, 
but that it was important to think carefully about what decision they would make if it 
were for real. Note that they were cued on the rice-to-malaria pathway and Bti effec-
tiveness at the start (see “Appendix 1A” for exact wording).

The decision tree in Fig.  1 illustrates the sequence of dichotomous choices pre-
sented to respondents, where the actual sequence depends on the respondent’s 
choices in the process. Participants are first requested to imagine that they go out 
to the market to buy rice and encounter the following two options: (1) a 10 kg bag of 
rice that costs 6000 Rwandan Francs (RWF) but which is produced in a field that has 
not been sprayed with Bti larvicide and thus acts as a breeding ground for malaria 
mosquitoes and increasing malaria risk to the entire community; and (2) a 10 kg bag 
of rice that costs RWF6600 but which has verifiably been sourced from paddies that 
have been sprayed with Bti, effectively avoiding higher malaria risk in the area. The 
options are visualised side-by-side on a card, displaying two identical bags of rice but 
one showing the ‘stop-mosquito’ logo that also features in Fig.  1. Both bags have a 
‘made in Rwanda’ logo in order to prevent (perceived) quality differences associated 
with imported rice to confound the choice. Apart from posting prices in numbers 
(RWF6000 or 6600) on the card, these amounts are also visualised in banknotes/coin-
age below the respective rice bags as an aid. The base price of RWF6000 (US$7.17) 
was set in accordance with observations in different market outlets in Ruhuha at the 
time of research.

Participants who prefer to buy the malaria-free option at 6600 in the opening choice 
(#1), implying they accept a 10% premium, are subsequently presented a choice problem 

Fig. 1  Decision tree of bidding game and corresponding price premia for malaria-free rice
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where the price of this option is raised to RWF6900 or 15% (#2a). If again preferred, this 
is raised further to 7200 or 20% in a final choice (#3) against the mainstream product 
at RWF6000. However, if the opening bid of RWF6600 is declined, a lower follow-up 
bid is offered at RWF6300 or 5% (#2b). The outcome is placement in one of five interval 
categories according to premium size (in %): [0, 5), [5, 10), [10, 15), [15, 20), and [20, ∞). 
Note that the lowest premium interval does not allow for distinguishing zero responses 
from non-zero responses up to 5%, and that the highest premium category is right-cen-
sored (20% or higher).

Survey

Respondent characteristics at both individual and household level were elicited in a 
structured and pre-coded questionnaire, which was administered prior to the DBDC 
procedure. Apart from covering basic demographics, it includes an elaborate module on 
households’ socioeconomic status. Respondents were also asked to express themselves 
about their experiences, practices, and attitudes on malaria. This module covers, among 
others, ITN ownership, attitude to ITN use, perceived malaria risk, perceived respon-
sibility of different actors in tackling malaria, and familiarity with Bti. A final module 
gathered information on rice consumption, including purchase frequency and purchase 
criteria (e.g., price sensitivity).

Both the survey and WTP elicitation were administered face-to-face in Kinyarwanda 
by a group of 10 trained surveyors of Rwandan nationality. They spent considerable time 
introducing the study to the respondents and explained the implications of participation 
in order to safeguard informed consent. The questionnaire was field-tested and back-
translated in order to minimize ambiguity for both respondents and surveyors. It was 
designed and formatted into Open Data Kit (ODK) Collect setup on tablet devices, such 
that responses were immediately and securely uploaded on a local server.

Sample

Ruhuha hosts an estimated 5000 households, comprising approximately 25,000 individu-
als, across a total of 35 villages (imidugudu). The sampling strategy of households for 
the WTP elicitation consisted of two stages; a purposive sample of 10 villages from this 
frame and, subsequently, a random (quota) sample of 30 households per selected village. 
Village selection was guided by proximity to rice cultivation sites, and more specifically, 
to those marshlands that were part of a six-month bio-larviciding pilot co-implemented 
by the first author in 2015. The purpose was to detect whether WTP for malaria-free 
rice is mediated by exposure to rice fields as well as to prior application of Bti in these 
fields. This results in the following three sets of villages: (a) 4 villages that have no rice 
cultivation site nearby (> 1.5 km); (b) 2 villages close to rice cultivation sites that were 
not sprayed with larvicides, and (c) 4 villages close to rice cultivation sites sprayed 
about 1.5 years prior to WTP elicitation. Within the latter group, a further distinction is 
made between villages where the larviciding pilot was intensively supervised by outside 
experts (2 villages) and those where Bti application was self-organized by the commu-
nity (2 villages). This distinction should cater for the possibility that the perception (and 
recall) of larviciding success varies with the intervention modality used in the pilot.
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Table  2 lists the 10 villages that constitute the sample, clustered into four ‘zones’ as 
described above. Regarding zone 1, more than four villages were sufficiently distant from 
rice cultivation to be eligible for sample inclusion, upon which we opted for selecting 
those four villages that best represented the range of village-level malaria incidence rates 
across Ruhuha, as recorded in a 2013 baseline study in which the first and second author 
were involved. The village of Kiyovu featured one of the highest malaria incidence rates, 
while that of Ruhuha I was among the lowest.

Table 2  Sample overview and living standard profile per village (indicating best (bold) and worst 
(italic) performance per metric)

*9 missing observations (n = 281). Standard deviations for total sample provided in parentheses (bottom row), for wealth 
and MPI index only

Living standard metrics (study participants only)

Ratio of 
sampled 
to actual 
households

Wealth index Multidimensional 
poverty index

Ubudehe 
category

Able to 
save past 
3 months

[− 14, 14]
(< 0 = shortfall)

(Headcount x 
intensity)

0-1-2
(poorest = 0)

0 = No
1 = Yes

Zone Village n/N Mean Mean Mean* %

Zone 1: no 
rice cultiva-
tion (no 
marshland)

40.0% Ruhuha I 29/185 0.55 0.34 1.29 0.10

Kimikamba 28/172 2.82 0.20 0.75 0.14

Kazaba‑
garura

30/127 − 0.63 0.40 1.30 0.20

Kiyovu 29/136 − 0.72 0.41 1.44 0.03

Zone 2: rice 
cultivation 
in marsh-
land, no 
larviciding

20.0% Nyaburiba 28/112 − 0.64 0.45 1.46 0.14

Rwanzunga 30/151 1.50 0.28 1.61 0.43
Zone 3: rice 
cultiva-
tion in 
marshland, 
larviciding 
under expert 
supervision

20.3% Kibaza I 30/173 − 1.40 0.38 1.66 0.10

Kibaza II 29/96 − 1.14 0.44 0.97 0.03

Zone 4: rice 
cultiva-
tion in 
marshland, 
community-
based 
larviciding

19.7% Rutare 30/145 0.07 0.40 1.31 0.13

Gikundam‑
vura

27/134 1.11 0.33 1.56 0.19

Total 
sample

290/1432 0.13
(3.46)

0.37
(0.16)

1.33 0.15
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The entire set of sampled villages hosts 1432 households, i.e., close to 30% of the sub-
district population. The recommended sample size for a contingent valuation WTP 
format with five bid levels and a research population of 1500 is 300 observations (Guna-
tilake et al. 2007). Per village a random walk technique was used to approach 30 house-
holds for participation, ignoring the variation in population size as reported in Table 2. 
Note that households involved directly in rice cultivation were not eligible. In ten house-
holds, spread over 6 villages, respondents turned out to have hardly any experience in 
buying food, but stepped forward in absence of the main decision-makers on the house-
hold budget, so that these households were eventually dropped from the sample. All 
other households met the criterion of being represented by an adult member who had 
bought rice at least once in the past year and exercised some control over household 
food expenditure. The resulting sample therefore covers 290 households, or 20.1% of the 
population under study. In some cases, respondents felt more comfortable participating 
in the presence of other household members, often their partner, which was allowed. 
The bystander’s influence on the (main) respondent’s WTP decision was not strictly 
monitored, as this likely mimicked the typical (joint) decision-making process on food 
purchases within the household.

The wealth profile of the sample warrants special attention, as we test whether rural 
consumers in a low-income country can afford (and are willing) to pay ethical price pre-
miums. In order to be able to isolate the effect of economic status on WTP from the 
effect of proximity to rice cultivation and exposure to a larviciding campaign, the wealth 
status of the sampled respondents should not systematically correlate with the zonal 
classification in Table 2 but rather show substantial within-group variation. To inspect 
this, we use four alternative (but partly overlapping) metrics of household economic 
status. First, we constructed a wealth index that reflects the degree of deprivation of a 
household locally, benchmarked against the typical living standard in the area on a set 
of 14 indicators. Second, we replicated the capability-inspired Multidimensional Poverty 
Index (Alkire and Santos 2014), which concentrates on the domains of health, educa-
tion, and material living standard. It counts sufficiency/deficiency over 10 indicators. A 
cut-off is used to determine whether a household is multidimensionally poor, in which 
case the intensity of deprivation is assessed. The third metric is one’s (self-reported) clas-
sification in Rwanda’s home-grown Ubudehe system of wealth differentiation (Sabates‐
Wheeler et al. 2015). This bottom-up classification relies on participatory wealth ranking 
and is used by the Rwandan government for targeting its social protection policies. We 
collapse the system’s six-step wealth ladder into three categories. Our final wealth meas-
ure is also self-reported, but concerns a single indicator. It focuses directly on surplus 
income by asking whether the household is able to save money or not. More detail on 
the operationalization of each metric is provided in “Appendix 1B”.

Table  2 shows the group means for the four wealth metrics per village-specific 
respondent pool. A first observation concerns the low degree of consistency in village 
performance across the different measures. For example, Kimikamba (zone 1) is the 
best-performer on the wealth index and the MPI, but the worst-performer if the local 
Ubudehe classification is considered. Inversely, Kibaza I outperforms all other villages 
in the participatory ranking system, but at the same time features the lowest score on 
the wealth index. A second observation is that none of the sampling zones stands out as 
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holding high uniformity in either relatively low or high wealth levels, as each zone pre-
sents clear inter-village variation on at least one of the metrics. This reduces the risk of 
confounding the effect of economic status with that of proximity to (sprayed) rice fields.

Data

Descriptive statistics on the background characteristics of our sampled respondents are 
provided in “Appendix 2A”, which inform the profile below. Young adults and men are 
underrepresented, following the sampling criterion of being tasked with rice purchases. 
About 60% of respondents are over 35 years and women constitute roughly two-thirds of 
the sample. The typical household in the sample is a five-member family of two spouses, 
two children aged between 5 and 18, and one under-five child. Yet, one-fifth of the 
households is female-headed following either widowhood or separation. About 9% of 
the households experienced loss of a member in the five years prior to the survey. Three 
of these fatalities, all concerning under-five children, were reportedly caused by malaria.

Awareness of malaria prevention through the use of ITNs is almost universal. No less 
than 97% deems consistent ITN use “very important”, matched with an 86% ownership 
rate of ITNs. Still, half the sample rates the frequency of being bitten by mosquitoes in 
or around the homestead as either “often” or “very often” and a similar proportion con-
siders malaria a “very serious” risk compared to other health risks. Roughly a third of 
the sample (36%) indicates to be familiar with the work of Community Malaria Action 
Teams (CMATs). These teams, consisting of a local leader, youth representative, and 
community health worker, were set up to sensitize residents on preventive practices 
against malaria in each village (Ingabire et al. 2019). A marginally higher share (40%) is 
aware of the existence of Bti as a biological larvicide to be applied in mosquito breed-
ing sites for malaria control. The Bti pilot carried out in multiple rice cultivation sites in 
2015 has likely been instrumental in fostering this level of exposure. Despite wide rec-
ognition that rice cultivation presents a critical node in the malaria transmission chain 
(79%), the respondents do not squarely put the burden of malaria control on local farm-
ers. Their degree of responsibility for tackling malaria is scored 6 on a 10-point scale, 
where 10 represents maximum responsibility. Local actors in general, comprising both 
leaders and ordinary people, carry a stronger responsibility (7.3) than the farmer sub-
group only. Yet, first-line responsibility for malaria control falls on actors beyond the 
local realm, i.e., the national government and international donors (8.6).

With respect to rice consumption, the usual point of purchase is either the store (60%) 
or the open-air market (30%). The remaining 10% obtains rice directly from individual 
farmers, farmer cooperatives or rice millers. Except for one household, all acquire rice 
from an outlet within the Ruhuha area itself. Purchase frequency and quantity vary con-
siderably, but the most common pattern is to buy one-monthly, and the single-purchase 
quantity in this group amounts to an average of 3.4 kg (from a range of 1–25 kg). Price 
and convenience are the most important criteria for outlet choice, which are considered 
“very important” by 84% and 58%, respectively. Against the national trend of rising per 
capita rice consumption, 56% report to have reduced their consumption of rice over the 
three years up to the survey, while only 17% confirms to have been on an upward con-
sumption trend. It needs to be stressed that rice does not qualify as a staple food like 
beans or cassava for most of the households under study. One in three (33.8%) of the 
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sampled families cook rice at least once a week, but a similar proportion (32.8%) pre-
pares a rice-based meal once or twice a month, and the remaining third (33.4%) con-
sumes rice even less frequently, i.e., on festive occasions only.

Applying a wealth gradient to rice consumption confirms that rice is in fact a luxury 
food for many families in Ruhuha. Among the bottom quartile of our wealth index, only 
10.1% reports weekly rice consumption, while this share increases to 43.8% among the 
top quartile. Breaking down the frequency of rice consumption by multidimensional 
poverty score (MPI), or a household’s ability to save, shows similar divergence by eco-
nomic status. Only the local Ubudehe categorization, which may take in unobserved 
household characteristics that compound long-term economic vulnerability, such as dis-
ability or trauma, shows a weaker correlation with rice consumption. Among the poorest 
category (umutindi), representing 17.4% of the sample, weekly rice consumption is more 
than 10 percentage points higher than among the bottom quartile on the wealth index.

The degree of representativeness of our consumer sample for the wider Ruhuha com-
munity is briefly explored in “Appendix 2B”. It compares selected descriptive statistics 
with those reported in Rulisa et al. (2022) for a larger set of Ruhuha residents, which, 
conveniently, also excludes rice-cultivating households. Values on all indicators suggest 
reasonable to strong representativeness, but our sample underperforms on household 
wealth. Since the same wealth index is used, it seems safe to infer that our sample is not 
biased towards wealthier consumers, rather the opposite. This likely builds a degree of 
conservativeness into our WTP estimation.

Data analysis

The appropriate data analysis technique to predict WTP from respondent characteris-
tics in DBDC formats is interval regression (Sajise et al. 2021). An interval-data model is 
more efficient than an ordered logit or probit model, as it considers the actual WTP cut 
points used in the DBDC, which remain implicit otherwise. Also, compared to ordinary 
least square (OLS) regression, it acknowledges the uncertainty about exact WTP values 
within a given interval and can adequately handle the right-censoring of WTP bids in 
the upper tail (Yang et al. 2012).

We estimate seven interval regression models using the same dependent variable, i.e., 
the ordered interval scale of stated premiums for ‘malaria-free’ rice (in percentage over 
base price) generated from the DBDC. A fixed sub-set of independent variables across 
the models include demographics, sample zone, malaria-related variables, and pur-
chase criteria of rice. However, on living standard, the four different wealth metrics (see 
Appendix 1B) are included separately (models 1, 2, 3 and 5 in Table 3). It is unclear, a pri-
ori, which metric should be expected to hold most explanatory power. A model has been 
added that includes rice consumption frequency, but omits any other wealth indicator, 
given the steep wealth gradient that underlies a family’s rice intensity in meals (model 4). 
However, such risk of confounding effects remained within conventional tolerance levels 
when including the Ubudehe classification (as a dummy variable identifying the poorest 
category) alongside both rice consumption frequency (model 6) and a household’s ability 
to save (model 7). Note that some observations on Ubudehe classification are missing, 
so that inclusion implies 281 rather than 290 observations. The models are presented in 
ascending order of fit in Table 3, as informed by the Likelihood Ratio (chi-square) test. 
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Table 3  Interval regression models on consumer price premium for rice cultivated with use of 
biological larvicides

Interval regression coefficients (standard errors)

(1) (2) (3) (4) (5) (6) (7)

Demographics

Age respond‑
ent

− 1.50
(2.74)

− 1.23
(2.70)

− 0.97
(2.83)

− 0.10
(2.74)

− 1.02
(2.68)

0.30
(2.87)

− 0.45
(2.80)

Male respond‑
ent

29.49
(31.33)

11.75
(76.46)

21.90
(78.51)

10.06
(76.10)

11.02
(75.84)

6.19
(78.43)

1.68
(77.91)

No. of house‑
hold members

20.01
(31.3)

11.75
(30.67)

28.42
(32.10)

14.02
(30.09)

25.55
(30.16)

21.44
(31.74)

30.03
(31.63)

No. of chil‑
dren < 18 years

− 68.87*
(39.35)

− 63.79*
(38.30)

− 84.28**
(40.59)

− 58.77
(37.85)

− 70.16**
(37.99)

− 74.21**
(40.03)

− 81.09**
(39.97)

No. of chil‑
dren < 5 years

93.99*
(56.58)

92.22
(56.06)

109.58*
(57.80)

85.91
(55.81)

91.25
(55.85)

99.80**
(57.45)

104.45*
(57.21)

Sample zone (ref: zone 1; area without marshland—no rice cultivation)

Zone 2: non-
sprayed rice 
cultivation

79.64
(99.96)

81.05
(98.69)

91.50
(101.76)

110.39
(99.09)

43.91
(98.67)

129.15
(102.74)

65.00
(101.02)

Zone 3: sprayed 
rice cultivation 
(expert-led)

− 76.26
(104.87)

− 45.60
(104.63)

− 91.62
(105.82)

− 13.30
(105.51)

− 51.67
(102.96)

− 32.33
(108.28)

− 64.50
(104.72)

Zone 4: sprayed 
rice cultivation 
(community-
based)

− 84.23
(104.94)

− 89.37
(103.75)

− 102.99
(105.30)

− 31.09
(105.23)

− 84.85
(103.14)

− 53.73
(106.93)

− 100.54
(104.03)

Knowledge, attitudes, behavior, experiences related to malaria (control)

ITN ownership − 176.16*
(105.58)

− 202.90*
(104.92)

− 208.03*
(106.40)

− 192.72*
(103.48)

− 192.27**
(103.15)

− 218.38**
(106.02)

− 225.32**
(105.44)

Importance of 
consistent ITN 
use (1 = low; 
2 = medium; 
3 = high)

202.19
(196.93)

218.18
(195.71)

185.57
(197.77)

192.06
(194.99)

226.06
(194.89)

178.95
(196.80)

207.40
(195.87)

Perceived 
frequency 
of mosquito 
bites around 
homestead

− 37.43
(58.63)

− 36.65
(58.13)

− 53.52
(59.27)

− 32.26
(57.92)

− 37.69
(57.83)

− 49.09
(58.99)

− 49.45
(58.66)

Perceived risk 
of malaria to 
own household 
(1 = low; 
2 = medium; 
3 = high)

18.43
(68.56)

15.13
(68.08)

22.46
(69.16)

14.09
(67.81)

13.87
(67.65)

15.88
(68.85)

15.33
(68.36)

Household 
member 
deceased in 
past 5 years

− 357.84***
(129.46)

− 335.29***
(127.27)

− 388.04***
(129.81)

− 332.05***
(126.33)

− 358.18***
(125.73)

− 348.01***
(130.05)

− 386.16***
(128.32)

Aware of Com‑
munity Malaria 
Action Teams 
(CMATs)

134.36*
(77.96)

123.41
(77.15)

140.42*
(78.93)

122.68
(76.89)

134.38**
(76.69)

132.95*
(78.54)

145.41*
(78.03)

Aware of Bti 
(larvicide)

103.85
(82.07)

101.50
(81.52)

112.70
(83.59)

81.09
(81.45)

100.68
(80.83)

98.13
(83.31)

111.94
(82.43)

Perceived responsibility for actor(s) in malaria control

(Inter)national 
actors; Rwan‑
dan govern‑
ment + interna‑
tional donors

− 4.41
(13.44)

− 0.09
(13.41)

0.77
(13.55)

− 2.60
(13.23)

− 6.01
(13.15)

2.68
(13.53)

− 0.33
(13.38)

Local actors; 
‘leaders’ + ‘peo‑
ple’

33.41**
(12.93)

34.14***
(12.80)

31.57**
(13.34)

39.77***
(13.02)

32.75**
(12.70)

36.24***
(13.46)

30.98**
(13.16)
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All models significantly outperform ‘empty’ models, so that the set of predictors as a 
whole is meaningful in understanding variation in WTP.

Results
The WTP bidding resulted in the following distribution on the premium interval ladder. 
In descending order of group size, 31.7% supports a price premium of 20% or higher, 
which represents the top category of premium payers. The second-largest share (22.8%) 
is located in the [10, 15) interval and a slightly smaller share (19.7%) in the [15, 20) inter-
val. This implies that close to three in four (74.2%) would reportedly accept a mark-up 
of 10% (RWF600 [US$0.72]) on a 10 kg bag of rice if cultivated in paddies with effec-
tive larval source management. The fourth-largest group (15.5%) ranks at the bottom 
of the ladder and does not pass the 5% premium threshold. Hence, this group is not (or 
only minimally) willing or able to pay extra for sprayed rice. The remaining 10.3% of the 
respondents settle for a modest premium in the [5, 10) interval. On the conservative 
assumption that all respondents would only accept the lower bound of the interval in 
which they are categorized, mean WTP in the sample equals 12.1% over the base price. 
By comparison, this fits into the range of a 9–33% average premium for VietGap-certified 

Dependent variable is stated consumer price premium (interval scale) across all models. Standard errors are provided in 
parentheses. Overall model performance evaluated by Likelihood Ratio (LR) test. ***, **, and * denote significance at 1%, 5% 
and 10%, respectively

Table 3  (continued)

Interval regression coefficients (standard errors)

(1) (2) (3) (4) (5) (6) (7)

Farmers − 26.13
(17.04)

− 28.02*
(16.89)

− 25.99
(17.21)

− 33.94**
(17.12)

− 24.55
(16.73)

− 32.21*
(17.39)

− 24.62
(16.97)

Rice purchase decision

Price sensitivity − 154.72**
(71.84)

− 144.04**
(70.71)

− 173.87**
(73.30)

− 123.48*
(71.25)

− 137.89**
(70.29)

− 146.21**
(73.85)

− 161.10**
(72.47)

Convenience 
sensitivity

− 77.77*
(40.02)

− 76.67*
(39.69)

− 84.86**
(40.51)

− 85.56**
(39.72)

− 82.52**
(39.51)

− 91.56**
(40.44)

− 89.97**
(40.08)

Frequency of 
rice consump‑
tion

85.48***
(31.01)

72.19**
(32.58)

Living standard

MPI score − 73.11
(248.24)

Wealth index 22.81**
(11.00)

Classified as 
umutindi (low‑
est category in 
Ubudehe sys‑
tem) [1 = yes; 
0 = no]

− 164.51*
(96.15)

− 145.86
(95.76)

− 147.70
(94.93)

Ability to save 
money (past 
3 months) 
[1 = yes; 0 = no]

302.20***
(103.56)

296.28***
(105.40)

No. of observa‑
tions
LR test statistic 
(Χ2)

290
40.53***

290
44.77***

281
46.52***

290
48.14***

290
49.16***

281
51.48***

281
54.61***
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rice reported by My et al. (2018) for Vietnam, despite the wide gap in wealth between 
rural Rwandese and urban Vietnamese households.

Table  3 investigates which factors are significant predictors of premium payment. 
In terms of demographics, neither the age nor gender of the respondent has signifi-
cant explanatory power. The same applies to household size, while household com-
position matters. Having children in the 5–18 age category appears a disincentive for 
higher premium payment (negative and significant in all but one of the models), while 
having under-five children tends to have the opposite effect (positive and significant in 
four models). This may be explained by the fact that under-fives are at a higher risk of 
malaria-related mortality, motivating premium payment, while it is also conceivable that 
such a health premium competes more sharply with pressing expenses for older children 
(e.g., school fees).

One of the hypotheses of interest concerned the impact of a household’s proximity 
to rice cultivation and exposure to past larviciding campaigns, either self-organized 
or externally supervised. None of these treatment aspects show a significant impact 
on WTP, however. If anything, a weak tendency towards lower premiums is observed 
among residents of villages close to rice fields that were sprayed (negative but insignifi-
cant coefficient in all models), but this is likely mitigated by a weak positive effect from 
higher Bti awareness (positive but non-significant coefficient in all models) in sprayed 
zones. The proportion that has heard about Bti in the latter (74%) exceeds that in the 
non-sprayed and non-rice zones by 20 and 50 percentage points, respectively.

Some of the malaria-related variables appear more important than one’s familiarity 
with rice cultivation and bio-larviciding in terms of predictive power. This holds for ITN 
ownership, for example, which enters negatively and significantly. Unless one accepts a 
trade-off between investment in personal protection and contribution to collective pro-
tection, this is a counterintuitive result. Strikingly, having lost a family member in the 
recent past strongly suppresses WTP. While these fatalities may not be malaria-related 
in most cases, one would expect such experiences to make health risks more salient and 
thus stimulate WTP. Tentatively, this signals a fatalistic attitude fostered by recent loss. 
The perceived seriousness of malaria risk for one’s own household, the self-reported level 
of mosquito nuisance, one’s level of commitment to ITN use, and one’s familiarity with 
the CMATs fail to emerge as relevant predictors. Respondents’ allocation of responsibili-
ties for malaria control, on the other hand, systematically drives WTP variation. Those 
who shift responsibility onto farmers are less willing to contribute themselves (signifi-
cant in three models), while higher contributions follow from assigning strong responsi-
bility to local communities (significant in all models), which we interpret as playing one’s 
part as local consumer in response to notions of collective responsibility.

A household’s attitude towards rice purchase criteria is also influential. While it may 
not surprise that significantly lower premia are recorded for the most price-sensitive 
households, respondents who stress the importance of convenience attributes also tend 
to settle for a lower premium (significant in all models). This either suggests that con-
sumers entertain doubts as to whether malaria-free rice will be available in their pre-
ferred outlet, or signifies that convenience shoppers are generally not keen to invest 
resources in optimizing their food purchase choices. Rice consumption frequency has 
a distinct positive effect on the premium when entered into the model without wealth 



Page 19 of 27Rulisa et al. Agricultural and Food Economics           (2023) 11:30 	

metrics (model 4). A comparison across models reveals that consumption frequency 
picks up on wealth differences rather than acts as an intrinsic motivator.

Each of the four wealth metrics carry the expected sign, but their effect size varies 
notably. The MPI is the weakest predictor, being the only one that does not reach sig-
nificance. By contrast, a household’s ability to save is the strongest predictor, despite its 
relative simplicity as single-indicator measure. Combining savings ability with the home-
grown Ubudehe classification offers the best fit overall, outperforming the model that 
includes rice consumption frequency alongside Ubudehe classification. This is suggestive 
of premium payment being conditional on households’ current surplus income as well 
as the underlying capacity to remain financially healthy in the future. The community-
based wealth ranking arguably offers better insight into the latter aspect than alterna-
tives focussed on basic needs fulfilment.

This positive relation between household wealth and premium payment aligns with 
positive income effects encountered in the WTP studies for eco-friendly rice in China 
(Wang and Gao 2017; Zhou et al. 2017). Another parallel consists in the counterintuitive 
finding that malaria risk perceptions do not emerge as a significant determinant of WTP 
in Table  3. One would expect higher perceived risk to increase WTP for malaria-free 
rice. Among Wang and Gao’s (2017) participants, perceptions of higher environmental 
risk also fail to induce a higher premium for eco-labelled rice. They reckon that premium 
payers are not risk-driven, but rather motivated by strong personal commitment to act 
upon environmental goals. The higher WTP among those Ruhuha consumers who con-
fer responsibility for a malaria-free environment on ‘the people’ might be a reflection 
of such personal commitment. In further support of personal value-driven motivation, 
Zhou et al. (2017) find that performing environmental-friendly routines outside of the 
marketplace serves as ‘catalyst behavior’ and translates into higher WTP for eco-labelled 
rice. In our case one might assume that participants’ commitment to the use of ITNs 
would hold such a catalytic potential, yet the non-significance of this variable in our 
analysis casts doubt on whether such ‘habit spillovers’ operate in Ruhuha.

Discussion
This section evaluates the feasibility and desirability of a VSS for malaria-free rice in 
Rwanda by focussing on two criteria: effectiveness and equity. Effectiveness refers in 
this context to market viability, while the equity criterion calls for a reflection on the 
distributional consequences among farmers and consumer segments if a VSS would 
come off the ground. On the effectiveness count, it should first be observed that Rwan-
dan consumers have so far been hardly exposed to food choices involving sustainability 
labels. The catalogue of the International Trade Centre reveals that out of the 324 exist-
ing agricultural standards that involve product labels, 12 operate in Rwanda (ITC 2021). 
These exclusively concern export commodities like coffee and tea (see Elder et al. 2013, 
and Wamukui et al. 2015, for evaluations), which echoes Gregson and Ferdous’ (2015) 
observation that countries in the Global South only play a part in ethical value chains in 
their capacity as producers, overlooking domestic consumers. Yet, the results from our 
consumer sample in Ruhuha appear to belie the assumption that a price premium for 
socially responsible rice would be self-defeating due to lack of purchasing power. Even 
though the willingness to pay extra for malaria-free rice is likely an upper bound, given 
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the hypothetical nature of our choice experiment, support is broad (85%) and for a sub-
stantive share it is rather deep (almost one-third paying up to 20% extra). An intriguing 
feature of this health-related externality is that, upon initial success, the required pre-
mium to cover larviciding cost may shrink due to a positive feedback effect on produc-
tivity. For example, Madaki (2017) finds among a sample of Nigerian farmers involved 
in crop agriculture, including rice, that the output of farmers who did not experience 
malaria was 20% higher compared to that from those affected by malaria. The latter 
recorded an average of 16.6 days of incapacitation over the timespan of a year. Hence, a 
VSS may prove self-sustaining over time if productivity gains reduce price.

At the same time, concerns about the feasibility of a VSS crop up. First, participants 
may have been driven towards a premium in the belief that they would benefit person-
ally from lower malaria risk rather than being motivated by societal interest. The result 
that ITN ownership reduces WTP hints that one’s personal stake is a relevant driver. 
This raises the question whether the same experiment among Rwandan consumers who 
are more distant to rice cultivation areas, or who are better protected against malaria 
(e.g. in urban housing), would generate similar WTP levels. Another potential caveat 
relates to the market for rice in Rwanda itself. Nationally produced rice competes with 
imported rice from Asia, especially Pakistan and Thailand, as well as from neighbouring 
Tanzania. While the price gap between local and foreign rice tends to be wide, a national 
VSS would reduce this gap and may induce the least price-sensitive consumers to switch 
to imports. This is a particular concern with respect to Tanzanian rice, also referred to 
locally as “Super Rice”, which is highly coveted because of its taste and smell, but also for 
its superior capacity to expand during cooking, which means a lower quantity needs to 
be prepared (Nsanzimana 2019).

Competition from imports suggests that the scale of a VSS should be international. 
Lobbying the Sustainable Rice Platform (SRP) to include malaria mitigation in its global 
standard seems a long shot, as the platform is dominated by Asian producers where 
malaria is not a health priority. A regional initiative might be worth exploring instead, 
for example under the auspices of the Coalition for African Rice Development (CARD), 
a consultative group of bilateral donors and regional and international organizations 
working with 32 rice-producing countries in Africa, including Rwanda. Its current ambi-
tion is to double rice production in sub-Saharan Africa between 2019 and 2030. Early 
2020 an East African rice platform was launched between the East African Community 
(EAC) and CARD, which is currently drafting a rice development strategy for the region. 
This presents an opportunity to take steps towards formulating a voluntary standard that 
takes malaria risk seriously. For example, one of the EAC members is Tanzania, which 
has a strong track record on (community-based) larval source management (see Fillinger 
et al. 2008, for early experiences). Moreover, it is the only country from the 32 CARD 
members that explicitly acknowledges the risk of malaria in its national rice develop-
ment strategy for the current decade (MALF 2019, p. 47). One of the main issues on the 
agenda should be the monitoring of VSS compliance on the part of ‘certified’ rice coop-
eratives in order to gain and maintain credibility of the product label for the consuming 
public.

If implementation of a VSS proves feasible, desirability is also conditional on its impli-
cations for equity. A well-known risk of VSS is that the largest producers are able to jump 
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on the bandwagon, leaving the smallest producers behind and thereby fuelling inequal-
ity. However, this risk is attenuated in the case of Rwandan rice, as farmer cooperatives 
rather than individual farmers are likely to sign up. Such group certification generally 
offers more equal access to VSS schemes (Pinto et al. 2014). Note that rice cooperatives 
in Ruhuha tend to host a mix of large and small farmers (Rulisa et al. 2021). On the con-
sumer side, equity considerations do not pose a major concern either. Our results pre-
dict that a successful VSS will work as a progressive tax, at least among rural consumers, 
as the diet of the poorest only contains rice occasionally. Hence, better-off families who 
tend to consume rice on a weekly basis will be impacted most by a higher price.

Conclusions
In response to a call to involve local rice consumers in tackling the negative public health 
externality that is created in rice paddies, this paper explored the willingness of rural rice 
consumers in Ruhuha, Rwanda, to contribute financially towards malaria risk reduction. 
We tested whether they were willing to pay a price premium for rice cultivated in fields 
sprayed with bio-larvicides using a double-bounded dichotomous choice format. While 
consumers in the Global South, especially beyond the urban elite, remain conspicuously 
absent in the literature on ethical consumerism, our results challenge the underlying 
assumption that they lack the means to make costly choices in favour of the public good. 
Both on the extensive margin (85% are potential premium payers) and the intensive mar-
gin (74% accepts a 10% premium) the outcomes are encouraging.

Some caution is warranted when translating these results directly into actual resource 
mobilisation, however. This not only concerns the well-documented attitude-behaviour 
gap when moving from a hypothetical to a real purchase situation. A lack of support 
from consumers in low-endemic areas could undermine WTP in high-endemic ones like 
Ruhuha. Moreover, the complex malaria epidemiology implies that malaria incidence 
may not vary proportionally with the intensity of larviciding efforts, which may confuse 
perceptions of effectiveness. Finally, competition from imported rice presents another 
unknown factor.

Yet, the study sample shares some characteristics of ‘citizen-consumers’ (Mehrabi et al. 
2022), as they willingly take co-responsibility for the societal impact of (food) consump-
tion. This seems an important precondition for building collective consumer activism 
over time, which would imply “a sense of partnership and a sense of ownership—thus 
food citizenship” (ibid., p.12). Consumers in Ruhuha, with the notable exception of the 
poorest-of-the-poor, not only identify with the problem that occurs in the stage of rice 
cultivation, but also express a sense of moral obligation to be part of the solution, even 
if this requires stretching already tight budgets. In case this willingness would not be 
fully carried through in actual market behaviour, the intention might still be of symbolic 
importance to the rice farming community, whose commitment to larviciding cam-
paigns may hinge on broader community support.

Ideally, the government, donors, private business (e.g., larvicide producers and rice 
millers), and/or social investors would step in to bolster such a shared responsibility 
model between farmers and consumers. Investment of economic and political resources 
by these actors is particularly crucial in an eventual scale-up phase towards a credible 
voluntary sustainably standard for malaria-free rice at the regional level. Crowding in 
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the full array of stakeholders that are part of, or affiliated to, the rice value chain, includ-
ing the consumer segment, would raise the prospect of sustainable larval source man-
agement. In turn, this could effectively re-align agricultural development and public 
health in malaria hotspots like Rwanda’s rice-cultivating areas.

Appendix 1: Additional information on methods
1A. Introduction text for study participants (read out by interviewer) concerning the local 

rice‑malaria nexus

Research in Ruhuha sector has identified rice fields as one of the main breeding sites for 
mosquitos, as rice fields offer stagnant water that mosquitos like so much. Luckily, some-
thing can be done against this in the form of spraying Bti larvicide on the rice fields. Bti 
is a biological agent and therefore does no harm to other animals nor to the rice plants, 
and is perfectly safe to farmer and consumer. We know that Bti effectively reduces the 
number of mosquitos, including those that transmit malaria, and this has been tested 
here in Ruhuha also. However, Bti-spraying is costly, so if rice farmers will have to buy 
the larvicide and apply it, rice will become more expensive as a result.

1B. Operationalization of household wealth status metrics

(1)	 Wealth index; The index consists of fourteen indicators clustered around the fol-
lowing aspects: asset ownership (house [1], land [2], livestock [3]), basic household 
amenities (type of sanitation [4], sources of drinking water [5], lighting [6] and 
cooking [7]), housing materials (floor [8], walls [9] and roof [10]), financial status 
(source of income [11], ability to save [12], and ability to pay for medical care [13]), 
and household diet (combination of frequency and type of food items consumed 
[14]). On each item, we first identified the modal response as the standard, which 
implied a zero sub-score. Households that fall short of the standard score a value of 
− 1, while those who exceed the standard are assigned a value of 1. A household’s 
overall wealth index score then equals the sum of scores over all fourteen items, 
ranging from − 14 (most deficient) to 14 (most comfortable).

(2)	 Multidimensional poverty index (MPI); consists of 10 indicators covering the 
dimensions of health (nutrition [1], child mortality [2]), education (enrolment [3], 
level attained [4]), and living standards (adequate housing [5], asset ownership [6], 
access to water [7], sanitation [8], electricity [9] and cooking fuel [10]). We followed 
the MPI logic of scoring a household’s deficiency as 1 (and sufficiency as 0) for each 
indicator. Households are considered multidimensionally poor if they experience 
deficiencies in more than one-third of the weighted indicators, where the weight 
of an indicator is lower if the total number of indicators covering the dimension 
to which it belongs is higher, so as to maintain equal weighting across the three 
dimensions. The MPI score of a poor household is then expressed as the percentage 
of weighted indicators on which it experiences deficiency, while that of a non-poor 
household is censored to zero. Aggregation over multiple households thus implies 
that the MPI value of a village is the product of poverty headcount and deprivation 
intensity of the poor.
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(3)	 Ubudehe category; self-report of wealth category assigned through community par-
ticipatory techniques, mandated by the Rwandan government. Households are typi-
cally well-aware of their category, as it determines, among others, their co-payment 
for community health insurance. In Ruhuha’s rural context it is possible to collapse 
the six original Ubudehe categories with only marginal loss of information into an 
ordinal variable with three wealth classes: low/umutindi (0), medium/umukene (1), 
and high/umukungu (2).

(4)	 Savings ability; Respondents were asked whether their household had been able to 
save money over the past three months and are assigned 1 if yes, or 0 if not.

Appendix 2: Additional information on data
2A. Descriptive statistics of selected variables included in interval regression

(a) Price premium interval categories
(dep.var.)

% (f ) Frequency of rice consumption %

x < 5% 15.5 (n = 45) Occasionally
(< once per fortnight)

33.4 (n = 97)

5% ≤ x < 10% 10.3 (n = 30) Once per fortnight 32.8 (n = 95)

10% ≤ x < 15% 22.8 (n = 66) Once per week 12.1 (n = 35)

15% ≤ x < 20% 19.7 (n = 57) 2–3 days per week 17.2 (n = 50)

x ≥ 20% 31.7 (n = 92)  ≥ 4 days per week 4.5 (n = 13)

(b) Demographics mean st.dev min max

Age respondent (in years) 41.8 14.8 20 79

Male respondent 0.33 – 0 1

No. of household members 4.7 2.1 1 12

No. of children < 18 years 2.5 1.7 0 9

No. of children < 5 years 0.8 0.8 0 3

(c) Knowledge, attitudes, behavior, experiences related to malaria (control)

ITN ownership 0.86 – 0 1

Importance of consistent ITN use during 
nights
(1 = low; 2 = medium; 3 = high)

2.97 0.17 2 3

Perceived frequency of mosquito bites 
around homestead
(1 = almost never,.., 4 = very often)

2.54 0.72 1 4

Perceived risk of malaria to own house‑
hold (1 = low; 2 = medium; 3 = high)

2.42 0.57 1 3

Household member deceased in past 
5 years

0.09 – 0 1

Aware of Community Malaria Action 
Teams (CMATs)

0.36 – 0 1

Aware of Bti (larvicide) 0.40 – 0 1

(d) Perceived responsibility for actor(s) in malaria control (0–10 scale; 10 = highest responsibility)

(Inter)national actors; Rwandan govern‑
ment + international donors

8.55 1.48 3 10

Local actors; ‘leaders’ + ‘people’ 7.34 1.67 1 10

Farmers 5.98 2.50 0 10

(e) Importance of decision criteria in rice purchase (1 = low; 2 = medium; 3 = high)

Price 2.78 0.55 1 3

Convenience 2.22 0.94 1 3
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2B. Comparison of sample to broader Ruhuha population on selected background variables

Consumer sample
(this paper)

Broader 
Ruhuha 
sample
(data from 
Rulisa et al. 
2022)*

Rice-cultivating households excluded Yes Yes

Coverage 10 villages 35 villages

No. of observations (households) 290 3786

Age respondent (in years), mean 41.8 43.0

No. of household members, mean 4.7 4.3

Primary school not completed, share 0.37 0.36

Female-headed households, share 0.20 0.27

Main livelihood is agriculture, share 0.84 0.83

ITN ownership, share 0.86 0.93

Wealth index, mean score [− 14, 14] 0.13 1.36

Low wealth status, share [− 14 ≤ score < 0] 0.44 0.30

Medium wealth status, share [0 ≤ score < 5] 0.45 0.51

High wealth status, share [5 ≤ score ≤ 14] 0.11 0.19

*Data on individual variables concern heads of household
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