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Abstract
Agriculture is sensitive to drought and associated social, environmental and economic impacts. Finance-based interventions 
aim to support farmers affected by drought; however, the extent to which such tools encourage resilience to this natural 
hazard is unclear. This paper systematically reviews evidence on links between financial interventions to mitigate drought-
related impacts and adaptation towards longer-term resilience. We focus on tropical Asia where agriculture contributes 
significantly to national economies and is a primary source of livelihood in a region subject to high climate variability and 
episodic drought. Guided by Population, Intervention, Comparator and Outcome criteria, we identify and review 43 region-
ally specific articles that describe a range of financial interventions. Through thematic synthesis, we document the interven-
tions’ associations with micro-level and macro-level outcomes. The results reveal how some interventions helped sustain 
household incomes and crop yield (e.g. through farm investments that increased productivity) through drought, whilst others 
encouraged adaptive behaviours. At a macro-level, there were challenges associated with government budgets and scheme 
administration, with the longevity of many schemes difficult to sustain. From fragmented evidence, this review reasons that 
there can be challenging policy trade-offs for institutions between supporting livelihoods and economic growth whilst also 
protecting the environment—highlighting the interdependence of systems’ resilience and variability in actors’ capacity to 
adapt. Low-regret interventions that integrate existing community adaptive practices, engage with farmers’ needs and pri-
oritise extension support may encourage more desirable counteractions to drought; however, further research is needed to 
establish the role of such interventions.
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Introduction

Agriculture in tropical Asia is sensitive to drought and the 
associated social, environmental and economic impacts 
(Franzetti et al. 2017). Countries in the region regularly 
experience episodic dry season droughts (Pavelic et  al. 
2012) due to inadequate pre-monsoon rainfall, a delay in the 
onset of the rainy season or its early departure (Habiba et al. 
2014). Formal institutions, such as governments, respond to 
the economic risks of drought (and other climate and non-
climate conditions) through a range of financial mechanisms 
(Smit and Skinner, 2002). At a policy level, governments 
may select from a variety of strategies that aim to manage 
the risks associated with climate variability and change 
(Aakre et  al. 2010), that help to smooth farm incomes, 
and include publicly funded input subsidies, compensa-
tion for harvest losses, minimum price support systems, 
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public–private insurance schemes or low-interest loans 
(Prasada, 2020; Ghosh et al. 2021). Multiple agencies may 
have to coordinate decisions during dry periods relating to 
the declaration of a disaster and how and when to distribute 
financial support (Stricevic et al. 2011). Ultimately, the risk 
may be distributed in different ways across levels of gov-
ernment, private industry (insurers) and farmers (Pasaribu 
and Sudiyanto, 2016) and, in some international settings, 
the policy shift has been towards farmer self-reliance, par-
ticularly through insurance and preparedness (Wilhite et al. 
2000), with government assistance only available in more 
exceptional circumstances (Wright, 2005).

Post-disaster financial relief may disincentivise longer-
term adaptation, particularly where the recovery does not 
address existing vulnerabilities, does not reach those that 
are most vulnerable or focuses resources too heavily on 
short-terms needs (Cutter et al. 2012; Wilhite et al. 2013). 
In recent years, countries in Asia and the Pacific, a region 
dominated by middle-income countries where agriculture is 
a major economic sector and a critical source of livelihood 
(Mia et al. 2015), have allocated significant funds to disaster 
risk financing (IRGP and MSC, 2019). Regional reviews on 
drought resilience (SAARC, 2010; UNESCAP and ASEAN, 
2020) recommend exploring financing measures that can 
reallocate risk and shift towards more ex ante financial 
instruments for drought risk management and climate change 
adaptation. In this regard, considerable attention has been 
paid to crop insurance schemes, including weather index and 
revenue-based policies, that aim to protect farmers against 
crop and income losses (Sinha and Tripathi, 2016). Current 
scholarly interest centres around understanding whether cer-
tain financial interventions designed to support agricultural 
sectors during drought function better than others (Ricome 
et al. 2017) and the advantages and disadvantages of pro-
viding support ex ante or ex post (Linnerooth-Bayer and 
Hochrainer-Stigler, 2015; Guimarães Nobre et al. 2019).

Underpinning this study is a comparatively limited evi-
dence base describing the impacts of financial relief on facil-
itating adaptations to the drought that can help build agricul-
tural resilience in tropical Asia. Adaptation can occur at both 
the farm scale and at national or regional scales; thus, evalu-
ation of financial interventions should consider both micro- 
and macro-level responses (Kandlikar and Risbey, 2000; 
Bradshaw et al. 2004; Habiba et al. 2014; Mia et al. 2015) 
to help understand where to target interventions (Williams 
and Carrico, 2017) and the inter-relationship between policy 
and farmers’ actions (Singh et al. 2018). At the micro-level, 
farmers may adapt through changing crop varieties, planting 
dates or fertilisers (Abid et al. 2015), improving irrigation 
efficiency (Swain, 2014) or investing to increase water sup-
ply (Bastakoti et al. 2014). In lieu of more sustained adap-
tive adjustments, farmers may resort to shorter-term coping 
by drawing down savings, borrowing or migrating for work 

(Smit and Skinner, 2002; Field et al. 2012; Shaffril et al. 
2018). At a macro-level, the financial intervention may be 
associated with policy, management and strategy refinement 
(Sinha and Tripathi, 2016; Suebpongsang et al. 2020); modi-
fied institutional arrangements (Smit and Skinner, 2002) or 
modified governance practices (Hurlbert and Gupta, 2019). 
Moreover, at the macro-level, the intervention may contrib-
ute to wider social, economic and environmental impacts 
(Reidsma et al. 2010). Across these levels, the outcomes of 
intervention can serve as indicators of adaptive capacity or 
resilience in different contexts (Reidsma et al. 2010). For 
example, a resilient system will continue to provide income 
for farmers, support crop yields, sustain communities and 
the economy, even when challenged by drought (Lin, 2011) 
whilst adaptability refers to the capacity of actors in the sys-
tem to manage and influence resilience (Engle, 2011) and to 
(intentionally) reorganise, change and learn in response to 
the threat of drought (Cutter et al. 2008; Carter et al. 2018).

This systematic review (SR) aims to synthesise and criti-
cally examine existing evidence around the advantages and 
disadvantages of institutional financial responses to drought 
and the associations with adaptation and resilience in tropi-
cal Asia. Guided by research that draws together farm and 
regional level factors (Reidsma et al. 2010), adaptability as a 
characteristic of a resilient farming system (Meuwissen et al. 
2019) and depictions of conceptual links between vulnerabil-
ity, adaptive capacity and resilience (see Cutter et al. 2008; 
Engle, 2011), we ask (i) what are the micro and macro-level 
outcomes associated with financial interventions designed 
to support drought management in tropical Asia and in what 
way do the interventions influence the outcomes? and (ii) to 
what extent might the different financial interventions affect 
drought adaptation and resilience of agricultural systems in 
tropical Asia? The study contributes to the understanding of 
the form and function (including timing) of financial inter-
ventions and to how the link between institutional responses 
to drought and agricultural adaptations and resilience might 
be strengthened. This review ultimately aims to help support 
policymakers, academics, industry and farmers understand 
how financial interventions can help strengthen agricultural 
resilience in tropical Asia and elsewhere.

In the following section, we outline the SR methodol-
ogy. The subsequent section draws the evidence together in a 
qualitative synthesis and then the implications are discussed.

Methods

Systematic review

For this SR, we followed the Collaboration for Environ-
mental Evidence (CEE) guidelines (Pullin et al. 2018). As 
this review was concerned with determining the effects of 
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an intervention within a specified population, we followed 
the concept of defining the Population, Intervention, Com-
parators and Outcomes (PICO) to inform the search and the 
criteria for inclusion and exclusion of literature. The cri-
teria for this SR were (i) the Populations: farmers, com-
munities, governments and non-government organisations 
(NGOs) in tropical Asian climates experiencing drought; 
(ii) Intervention: any coordinated (e.g. by government or 
NGO) financial intervention intended to respond to risks 
associated with drought by either anticipating and miti-
gating potential impacts or facilitating the recovery from 
impacts. Thus, interventions could include ex post finan-
cial assistance, crop insurance or subsidies; (iii) Compara-
tor: no intervention (that is instances where the searches 
returned articles concerned with the target population and 
outcomes but without the explicit discussion or analysis of 
a specific financial intervention related to managing drought 
risk) and (iv) Outcomes: evidence of the results or effects 
linked to interventions (or comparator) at micro- or macro-
levels. Whilst the PICO criteria guided the search, we note 
the objective was to compile a body of literature to evaluate 
the evidence linking financial assistance and resilience and, 
as such, interventions and comparators were not defined in 
the sense of experimental or quasi-experimental design but 
rather as comparable situations where confounding variables 
might not necessarily be isolated. We defined tropical Asia 
using the Köppen–Geiger classification system (Kottek et al. 
2006), noting that some countries (particularly India, Myan-
mar, Lao and Vietnam) may overlap with the hot semi-arid 
climate region or the humid sub-tropics, and focused the 
search on Development Assistance Committee (DAC) List 
countries (OECD, 2021).

Searching and screening

Keyword searches were undertaken in academic journal 
databases Scopus and Web of Science in February 2021. 
The keyword searches, using Boolean operators and wild-
cards aimed to return a body of literature that met the PICO 
criteria (see Supplementary Material – Table 1). Journal 
articles were limited to those published in English and pub-
lished during the decade March 2011 to February 2021. 
The selected time period was based on initial exploratory 
searches that indicated few studies published in earlier years. 
Secondly, the search period was limited due to potential 
changes over time in climate, socio-economics, govern-
ance, agricultural populations and practices, crop varieties 
and so on. Other databases including Agris, ProQuest and 
Google Scholar were reviewed to check for completeness of 
the dataset, help refine keyword searches and to identify a 
supplementary selection of literature. For Google Scholar, 
the first ten pages of results (advanced search terms with ‘all 
the words anywhere in the article’: tropical, Asia, drought, 

financial compensation, intervention, insurance, adaptation; 
years 2011–2021) were reviewed and relevant journal arti-
cles were saved to the library and downloaded (n = 31, the 
total number of results returned was in excess of 15,000). 
Similar searches were performed in Agris (n = 12) and Pro-
Quest (n = 22), which both returned relatively few results. 
We used the ROSES flow diagram for SRs to summarise 
the articles included in searching, screening and synthesis 
(Fig. 1).

The searches were exported from the databases and 
organised in Microsoft Excel where duplicate records 
were removed to give a complete corpus of unique articles 
(n = 502). Articles were excluded at the title and abstract 
screening if they did not focus on financial interventions 
for drought in tropical Asia but rather focused on crop vari-
ety genetics (drought resilient), other hazards (such as hail-
storms or floods), other regions (such as Africa, West or 
Central Asia), aquaculture or statistical modelling of weather 
insurance indices. In a number of cases, the financial inter-
vention was inferred as an implication of the research but 
was not central to the study and such articles were excluded. 
Following the screening of the title and abstract, the full 
texts of n = 68 articles were searched and n = 63 returned. 
The full-text articles were then imported into NVivo to assist 
with coding against the PICO criteria where a further 20 
articles were excluded because (i) the details of intervention 
were not clear, (ii) outcomes were not obviously linked to 
interventions, (iii) the article was not focused on drought 
(but rather land degradation and erosions, as examples), (iv) 
the article was not regionally or climatically specific and (v) 
two articles were excluded as they were by authors already 
included in the corpus and relied on the same datasets.

Synthesis

This study was concerned with the thematic outcomes linked 
to different financial interventions, noting that we antici-
pated a range of interactional contexts and variables such as 
by demographics (e.g. age, gender, level of education), crop, 
farm-scale or cultural context. Coded text was organised in 
matrix tables to aid in the sorting and thematic categorisa-
tion. We indicated whether the intervention was perceived 
as either positively ( +) or negatively ( −) influencing the 
outcome, for example the intervention might have positively 
influenced crop yield. We also recorded if the influence was 
uncertain (or ambiguous, inconclusive or negligible) (+ / −). 
We quantified the number of articles that linked each inter-
vention to an outcome; however, these numbers were for 
illustrative purposes and not used for statistical inference 
due to the sample sizes. We used the sorting and tabulation 
of codes and themes to draw the evidence together and to 
then interpret the extent to which interventions with varying 
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form and function were contributing to drought adaptation 
and resilience of agricultural systems in tropical Asia.

Results

Most articles related to individual countries (n = 40), whilst 
three referred to multiple countries in the region. Articles 
relating to India (n = 24) were the most prominent in the 
corpus (Fig. 2). Most articles reported empirical studies 
that sampled farmers in their study locations and used sur-
vey instruments (n = 31), with many involving quantitative 
choice experiments (including willingness to pay, contingent 
valuations). The median survey sample size used in these 
quantitative studies was 380 (range 100 to 3614). Other 

studies used qualitative methods, including interviews and 
focus groups with sample sizes ranging from approximately 
30 to over 500 (47 focus groups in one study). Some stud-
ies analysed secondary data (also including farmer surveys 
undertaken by national governments) or were reviews of 
policies or drought support initiatives.

The populations described in the selected articles were 
farmers, farming households, farming communities, com-
munity organisations, governments (national, state, local), 
NGOs, international aid organisations, banks and money 
lenders, agribusinesses and private insurance companies. 
The financial interventions described in the articles were (i) 
ex post compensation (e.g. government assistance or aid); 
(ii) ex ante subsidies (also including grant payments); (iii) 
ex ante centralised investment in irrigation infrastructure or 

Fig. 1  Flow diagram for searching and screening articles (based on ROSES flow diagram, Haddaway et al. 2017a)
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development of drought tolerant seed varieties (also with 
subsided distribution in some instances); (iv) traditional 
insurance (indemnity); (v) weather index insurance and (vi) 
access to credit (including government subsidised loans and 
micro-finance initiatives). The outcomes are described in 
the following sections. Micro-level outcomes were linked 
to interventions in 35 articles, whilst macro-level outcomes 
were linked in 37 articles (see Table 1).

Micro‑level outcomes

Three categories of micro-level outcomes were identified as 
associated with interventions (Table 1): (i) outcomes associ-
ated with farm finances were the most prominent (77% of the 
35 articles coded as linking interventions to farm financial 
outcomes, Table 1), (ii) farm productivity (51% of coded 
articles), where the intervention may have supported bet-
ter yields during drought or helped farmers increase their 
productivity and (iii) adaptive behaviours (43% of coded 
articles), where the intervention was associated with the 
farm changing something for drought management. With all 
interventions considered jointly, most outcomes were coded 
as being positively influenced (66%); however, many of the 
references were also coded as uncertain (51%) or as being 
negatively influenced (51%). Of the interventions, central-
ised investment was most frequently described as having 
a positive influence on outcomes (67% of coded articles), 

whilst insurance (indemnity) had the highest occurrence of 
references negatively associated with outcomes (69%). The 
absence of an intervention was most frequently coded as a 
negative association with the micro-level outcomes (56%). 
Throughout the corpus, it was apparent that outcomes were 
not experienced homogeneously. Generally, poorer and less-
educated farmers with smaller land sizes and without access 
to irrigation facilities were described as being dispropor-
tionally affected by drought and less likely to access finan-
cial dispensation, credit or insurance schemes (as found by 
Habiba et al. 2014; Bordey and Arida, 2015; Gaurav, 2015; 
Dewi et al. 2018; Brown et al. 2019; Senapati, 2020). These 
characteristics were also associated with farmers’ propensity 
to migrate to urban areas or to be trapped in cycles of debt.

Farm finances

In this subsection, we describe the identified interactions 
between specific interventions and outcomes relating to farm 
finances. Compensation and centralised investment were 
cited as mostly having a positive influence on farm finances. 
Compensation helped improve income, including improved 
business and job opportunities after a drought (Habiba et al. 
2014; Sharma and Sen, 2021). Central investment in irri-
gation infrastructure created employment that could help 
improve farmers’ income (Arora and Birwal, 2017), whilst 
the adoption of certified seeds developed through public rice 

Fig. 2  Countries represented in the SR (some from multi-country 
studies), including the number of articles in the corpus referring to 
that country and the types of schemes. Co, compensation; CA, credit 

access; CI, central investment (DT, drought-tolerant seeds; Irr, irriga-
tion); S, subsidy; TI, traditional insurance; WII, weather index insur-
ance
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breeding research in the Philippines also provided oppor-
tunities for farmers to improve their income due to better 
yields during droughts (Mariano et al. 2012).

Government subsidies for electricity were recommended 
by farmers in India to help initiate additional income-gener-
ating activities and thus build financial resilience to drought 
(Habiba et al. 2014). In the case of conditional payments for 
ecosystem services in Thailand, farmers were likely to opt 
for riskier, higher-income activities that may be less resilient 
to climate shocks (Kanchanaroek and Aslam, 2018).

Insurance (indemnity) was often negatively associated 
with income (in 54% of the articles referring to such insur-
ance schemes): firstly, because the premium was considered 
a financial burden (Bordey and Arida, 2015) and, secondly, 
because crops could be damaged by drought but the farmer 
did not receive any insurance payment (Singh and Agrawal, 
2020). The classification of references to index insurance 
was mostly uncertain (71%), as it could help smooth income 
(Prasada, 2020) but compensation levels could be variable 
and not always adequate (Ghosh et al. 2021). Credit access, 
including through micro-finance initiatives, also helped 
farmers invest in income-generating activity (Habiba et al. 
2014); however, it was more often negatively associated 
with high repayments (Brown et al. 2019) and debt (Taylor, 
2011).

The absence of intervention was linked to micro-level 
outcomes in 25 of the articles, with 44% of these relating to 
farm finances. Whilst farmers experienced economic losses 
(Bahinipati, 2020) and reduced income (Ho et al. 2021) due 
to drought, some were able to autonomously protect their 
income through diversification of income sources (Arora and 
Birwal, 2017), and even increase it through shifting to higher 
profit crops (Habiba et al. 2014).

Farm productivity

Without intervention, farms typically experienced crop 
losses (Pasaribu and Sudiyanto, 2016) and production 
declines during drought (Kishore et al. 2015). Subsidies and 
government investment were the two categories of interven-
tions with the highest proportion of positive associations 
with farm productivity.

Improved productivity was linked to government sub-
sidies in a number of articles relating to cocoa farming 
in Indonesia (Tothmihaly and Ingram, 2019), rice and 
wheat in India (Kishore et al. 2019) and rice in Sri Lanka 
(Williams and Carrico, 2017). In these cases, the subsidy 
included support for fertilisers, seed varieties, pumps and 
electricity. On the other hand, subsidised diesel for irriga-
tion pumps was described as ineffective for a scheme in 
India (Kishore et al. 2019). Another study (Kanchanaroek 

Table 1  Summary of coded outcomes ([ +], green] = positive, [+ / −], amber = uncertain, [ −], red = negative). Percentages are for articles coded 
as linking intervention to a micro- or macro-level outcome (refer to Supplementary Materials Table 2 and Table 3 for more details of coding)

na 

(micro)
Total 

micro-level Farm finances Farm 
produc�vity 

Adap�ve 
behaviour

na 

(macro)
Total macro-

level
Government 

finances
Scheme 

administra�on Social Economic Environmental

% of coded 
ar�cles 100% 77% 51% 43% 100% 73% 81% 27% 3% 11%

[+] 66% 29% 31% 26% 41% 22% 35% 3% 3% 3%
[+/-] 51% 34% 23% 6% 57% 32% 22% 8% 3% none iden�fied

[-] 51% 34% 11% 11% 81% 41% 62% 19% none iden�fied 8%
[+] 50% 33% none iden�fied 17% 38% none iden�fied 25% 13%

[+/-] 17% 17% none iden�fied none iden�fied 38% 25% 13% 13%

[-] 33% none iden�fied 17% 17% 75% 50% 38% 13% none iden�fied

[+] 67% 11% 56% none iden�fied 23% 8% 23% 8% none iden�fied

[+/-] 44% 11% 33% 11% 23% 8% 15% none iden�fied none iden�fied 8%

[-] 33% 11% none iden�fied 22% 69% 23% 38% 15% 15%

[+] 73% 36% 36% 27% 14% none iden�fied 14% none iden�fied

[+/-] 9% none iden�fied 9% none iden�fied 71% 57% 7% 7%

[-] 27% none iden�fied 18% 9% 36% 29% 21% 7% 7%

[+] 46% 15% 15% 23% 23% 23% 8% none iden�fied

[+/-] 31% 23% 15% none iden�fied 15% 8% 8% 8%

[-] 69% 54% none iden�fied 8% 92% 38% 92% none iden�fied

[+] 14% 14% none iden�fied 56% 44% 56%

[+/-] 71% 71% 14% 14% 22% 22%

43% 29% none iden�fied 14% 78% 22% 44%

[+] 46% 15% 38% 20% 20% none iden�fied

[+/-] 23% 15% 8% 40% 40% none iden�fied none iden�fied

[-] 38% 31% 8% 8% 80% 80% 60%

% of coded 
ar�cles 100% 44% 48% 56% 100% n/a n/a 93% 36% 14%

[+] 36% 4% 12% 28% 0% n/a n/a none iden�fied

[+/-] 44% 32% none iden�fied 16% 7% n/a n/a 7%
[-] 56% 24% 40% 16% 93% n/a n/a 86% 36% 14%

25
14 none iden�fied none iden�fied

35

6

9

11

13

7

13

9 none iden�fied none iden�fied none iden�fied

5
none iden�fied

none iden�fied

14 none iden�fied
none iden�fied

13 none iden�fied none iden�fied
Insurance 

(indemnity)

Index insurance

Credit access

No interven�on

Macro-Level Outcomeb

37

8
none iden�fied

none iden�fied

13

Interven�on
Micro-level Outcomesb

All 
interven�ons

Compensa�on

Subsidies

Centralised 
investment

a Number of articles coded as linked to outcomes for each intervention. bBars show the proportion of the articles linking intervention to outcomes 
coded as either positive, uncertain or negative influence on the outcome, may not sum to 100% as an article could include details of both posi-
tive, uncertain or negative influences on outcomes
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and Aslam, 2018) found that payments for ecosystem ser-
vices attracted farmers to change their land use and land 
management practices; however, this did not relate to an 
increase in productivity.

Government infrastructure investment was associated 
with yield improvements. One article described benefits 
to a centrally funded and managed irrigation scheme in Sri 
Lanka (Burchfield et al. 2018) and another recommended 
access to affordable irrigation as the best stimulus for 
agricultural production (Kishore et al. 2019). However, 
another study suggested that reliance on irrigation infra-
structure rather than crop diversification had a negative 
association with yield during drought due to the limited 
water availability (Auffhammer and Carleton, 2018). Other 
central investment schemes included the development of 
hybrid seeds (that were also distributed to farmers with 
institutional involvement) that correlated with better rice 
yields (Williams and Carrico, 2017).

Adaptive behaviour

Proportionally, credit access had the most articles posi-
tively associated with adaptive behaviour. Credit access 
helped facilitate investments in adaptation, including 
diversifying livelihoods (Reddy and Sahu, 2013), and 
was cited as helping to improve resilience (Ho et  al. 
2021). Crop insurance was also shown to correlate with 
an increased likelihood of engaging in yield raising adap-
tations, although insurance could influence riskier pro-
duction decisions, such as crop choice and usage of agri-
cultural inputs (Sinha and Tripathi, 2016), that were less 
resilient to climate shocks (Panda et al. 2013).

Centralised investment in irrigation was positively 
associated with improved farm management and adapta-
tion (Mariano et al. 2012); however, such interventions 
were also negatively associated with adaptive behaviour 
as they could discourage crop diversification (Auffham-
mer and Carleton, 2018). Similarly, government subsidies 
were coded as negatively influencing adaptive behaviours, 
for example input subsidies encouraged undesirable land 
management practices (Ghosh et al. 2021).

With no intervention, farmers exhibited a range of adap-
tive behaviours with both positive and negative implica-
tions. For example, farmers were adapting their land and 
water management, diversifying their livelihoods and 
protecting themselves through self-insurance (e.g. Ghosh 
et al. 2021). However, it was also evident that there was 
low engagement with diversification (Bordey and Arida, 
2015; Prasada, 2020) and limitations to the resilience of 
self-insurance to extreme or successive shocks (Gaurav, 
2015), particularly for more vulnerable groups.

Macro‑level outcomes

The following macro-level outcomes were categorised as 
being associated with the interventions (Table 1): (i) gov-
ernment finances (73% of the 37 articles coded as linking 
interventions to macro-level financial outcomes), (ii) scheme 
administration (81% of the coded articles) and (iii) social 
(27%), economic (3%) or environmental (11%) impacts.

With all interventions considered together, the major-
ity of outcomes was coded as being negatively influenced 
(81%); however, many references were also coded as uncer-
tain (57%) and positive (41%). Of the interventions, index 
insurance was most frequently described as having a posi-
tive influence on outcomes (56% of the coded articles). All 
interventions had more negatively coded references, with the 
exception of centralised investment, where the majority of 
codes was uncertain. With no intervention, the macro-level 
outcomes were almost entirely coded as negative (93%) and 
mostly related to social impacts (86% of coded articles).

Government finances

In this subsection, we describe in more detail the identi-
fied interactions between specific interventions and out-
comes relating to government finances. Most interventions 
were observed to have a negative influence on government 
finances, mainly through the burden of costs. As such, funds 
were diverted away from other spending priorities (Prasada, 
2020; Sharma and Sen, 2021) and were often insufficient 
to sustain a scheme, whether it be post-disaster compensa-
tion (Sharma, 2019) or the ongoing maintenance and repair 
of infrastructure investments (Beckman and Nguyen, 2016; 
Brown et al. 2019). In India, the central government’s trans-
fer of drought management financial obligations to the States 
led to the States being financially more stressed, in part due 
to arranging and deploying resources (Sharma, 2019).

Traditional insurance schemes were reported as an inef-
ficient use of tax revenue (Ghosh et al. 2021) that were often 
not financially sustainable (Singh and Agrawal, 2020) due to 
high running costs (Alam et al. 2020). Whilst index insur-
ance had more positively coded references, this was framed 
by a relative comparison to traditional insurance products 
where index-based products were more attractive to govern-
ments and private insurers as they were less expensive to 
run (Bordey and Arida, 2015; Prasada, 2020). Some gov-
ernments saw subsidising insurance as more cost-effective 
than post-disaster compensation; however, some farmers 
preferred compensation (Sinha and Tripathi, 2016).

Scheme administration

Across all micro- and macro-level outcomes, factors influ-
encing scheme administration had the most references coded 
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in the most articles (30 articles or 81% of articles coded with 
macro-level outcomes). The administration of some schemes 
was positively influenced by having standardised rules to 
declare droughts and issue compensation (Sharma, 2019), 
by stakeholder collaboration relating to subsidy schemes 
(Bastakoti et al. 2014) and by being seen as easier to run 
than other schemes, particularly relating to index insurance 
(Ward and Makhija, 2018).

However, except for index insurance, all interventions 
had more negatively coded references relating to scheme 
administration. One negative factor was the low participation 
of farmers or limited coverage which led to administrative 
inefficiencies for schemes including compensation (Pasaribu 
and Sudiyanto, 2016), subsidies (Kanchanaroek and Aslam, 
2018) and insurance (Dewi et al. 2018). There were many 
negative outcomes associated with insurance schemes and 
subsidy schemes where the administrative burden was 
greater due to the need to assess many applications and 
process numerous transactions. Central investment in water 
supply infrastructure also placed an administrative burden 
on governments through the continual need to coordinate 
maintenance—also linked to government finance (Palis et al. 
2015; Kishore et al. 2019).

Wider social, economic and environmental impacts

Wider impacts were observed to be associated with the 
financial interventions, although a higher number of adverse 
outcomes were coded as being associated with no interven-
tion. Of all the interventions, only one article was coded as 
having a positive outcome. This was a positive economic 
impact from compensation on the industrial sector and the 
district economy (Sharma and Sen, 2021). Many of the nega-
tive outcomes from interventions were social and related to 
farmers’ reliance on credit (including micro-credit) which 
led to cycles of indebtedness (Gaurav, 2015) and poverty 
(Palis et al. 2015).

Without some intervention, the most prominent impacts 
(in terms of the number of articles coded) were social 
(poorer farmers changed job, migrated to urban areas or 
suffered poor physical or mental health—Arora & Birwal, 
2017; Chandra Sekhar Bahinipati, 2020; Gaurav, 2015), 
followed by economic (decreased productivity in the agri-
cultural sector, regional and national economies) and envi-
ronmental (pollution, land degradation) (Habiba et al. 2014; 
Bahinipati, 2020; Suryanto et al. 2020; Ho et al. 2021).

Discussion

This review set out to contribute to the understanding of the 
form and function (including timing) of financial interven-
tions and to how the link between institutional responses to 

drought and agricultural adaptations and resilience might 
be strengthened in tropical Asia. We found evidence of out-
comes being influenced by the financial interventions at both 
the micro (or farm) level and at a macro-level.

Micro‑level outcomes

The micro-level outcomes related to farm finances, farm pro-
ductivity and farmers’ adaptive behaviour, which, on bal-
ance, were collectively described as being more positively 
influenced by the interventions. The interventions were also 
associated with more positive outcomes for farm finances 
and farm productivity when compared to having no interven-
tion. However, farmers were similarly likely to demonstrate 
positive adaptive behaviour with or without a formal inter-
vention (noting the limitations to these cross-study compari-
sons and also noting variations in the frequency of adaptive 
behaviours cited as an outcome depending on the interven-
tion). With no intervention, some farmers undertook autono-
mous risk management like crop diversification or selling 
livestock to sustain incomes during drought, although many 
farmers lacked the resources to make their desired changes. 
Access to formal institutional credit helped support adaptive 
behaviour but was not typically available to all demograph-
ics, hence, drawing attention to the need for interventions to 
reach the most vulnerable groups (Cutter et al. 2012). Lack 
of credit access can be a major constraint on farmers’ ability 
to adapt to drought conditions and micro-finance initiatives 
may be an appropriate tool in some circumstances (Kha-
nal and Regmi, 2018). Informal risk sharing may continue 
to help many farmers cope in the short term, particularly 
for those who are less wealthy and do not have access to 
institutional financial support (Bastakoti et al. 2014; Gaurav, 
2015; Palis et al. 2015); however, this route is less likely to 
strengthen adaptive capacity nor enhance the resilience of 
the farming system.

Macro‑level outcomes

Adaptation can occur at both the farm scale and at national 
or regional scales, for example, through drought manage-
ment policy iterations (Habiba et  al. 2014). Moreover, 
drought management financial obligations can vary between 
national and state levels of government (Sharma, 2019), or 
between nations included in this review, that may also differ 
in their capacity to manage and influence resilience. Macro-
level consequences associated with the interventions related 
to government finances, scheme administration and wider 
social, economic and environmental impacts. The review 
did not uncover evidence of positive macro-level adaptation 
trends that might support resilience. Rather, institutions were 
described as struggling to maintain the required budgets 
and administrative arrangements to deliver desired scheme 
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impacts. The results suggested that institutions need to 
weigh up interactions and trade-offs between social, environ-
mental and economic outcomes related to financial interven-
tions. Many schemes had not accounted for non-economic 
losses that might include health impacts, damage to wildlife 
or loss of biodiversity (Bahinipati, 2020). As an example, a 
government scheme to expand access to groundwater irriga-
tion may make farms more productive in the short term (and 
sustain incomes) but may not foster longer-term resilience as 
overutilisation of the water source or intensification of pro-
duction ultimately causes negative environmental impacts 
(Prasad and Sohoni, 2020). Similar paradoxes can include 
disinvestment in education in favour of immediate employ-
ment in low-skill jobs or encouraging adaptation towards 
income diversification where specialisation in livestock 
activities may be a more drought resilient strategy in some 
circumstances (Gerber and Mirzabaev, 2017). Despite the 
trade-offs, there were some positive macro-level outcomes 
associated with the financial interventions that, if sustained, 
could increase place-based (or community level) adaptive 
capacity and strengthen farming system resilience through 
providing regional economic stimulus (Sharma and Sen, 
2021) or through decreasing permanent urban migration 
amongst poor households or decreasing food shortage days 
(Reddy and Sahu, 2013).

Forms of intervention

Regarding the form of intervention, we found that coordi-
nated financial interventions can help to avoid the nega-
tive impacts of drought and, with the appropriate continual 
policy support, may help strengthen agricultural resilience 
in tropical Asia. For some schemes, the precise form was 
ambiguous as the development of drought-tolerant seeds 
involved government investment but could also involve sub-
sidies to encourage the broader uptake by farmers. Similarly, 
governments could centrally invest in developing irrigation 
infrastructure or provide grants and subsidies to local com-
munities or individuals to build their own water storage and 
irrigation. The results of this review, albeit based on diverse 
literature using different methods in different settings, sug-
gest that there may not be one optimal financial intervention 
(Aakre et al. 2010) but rather country and context-specific 
solutions (Clarke et al. 2017) that might combine different 
management interventions (Ward and Makhija, 2018) tai-
lored to the characteristics of the drought risk (Linnerooth-
Bayer and Hochrainer-Stigler, 2015) and countries’ unique 
institutional and socio-economic circumstances (Anbumozhi 
et al. 2012). In the case of subsidising crop insurance, Smith 
(2016) suggests that more evidence is needed on the relative 
returns compared to other uses of the money such as subsid-
ing conservation practices, providing education and increas-
ing location-specific agricultural research and extension. In 

terms of fairness and effectiveness, index insurance has been 
evaluated as better than more traditional indemnity based 
products (Hazell and Hess, 2010); however, such schemes 
may not support smallholder farmers more than informal 
community-based initiatives, payments will not necessarily 
correlate well with actual losses, and subsided access may 
be sub-optimal for encouraging longer-term investments in 
risk management (Smith, 2016).

Timing of intervention

In terms of intervention timing, we found advantages and 
disadvantages to both ex post and ex ante schemes, noting 
that it was sometimes unclear where intervention was in a 
given sequence of droughts (e.g. the intervention followed 
one drought and preceded the next). There may be some ben-
efits to governments providing ex post crisis management 
support funds (Zhou and Shao-Yu, 2013) but such stimulus 
is unlikely to facilitate longer-term resilience (Habiba et al. 
2014; Sharma and Sen, 2021) if farmers become dependent 
on compensation nor where prioritising short-term needs 
does not facilitate the building of capacity to adapt away 
from existing vulnerabilities (Cutter et al. 2012; Wilhite 
et al. 2013; Carrão et al. 2016). Ex ante support is mooted 
as the more desirable time to intervene (Linnerooth-Bayer 
and Hochrainer-Stigler, 2015; Gerber and Mirzabaev, 2017; 
Guimarães Nobre et al. 2019), but such approaches can still 
be challenged in practice by scheme administration issues, 
budget constraints and demographic or farm-level hetero-
geneity. A more need-based adaptation planning approach 
could help integrate various farm-level needs with centrally 
coordinated interventions (Singh et al. 2018), which may 
help mainstream adaptive practices as well as strengthen 
institutional capabilities (Aryal et al. 2020). In summary, 
there may be several more easily implementable, low-cost 
drought management investments that can be made such as 
extension support, supporting indigenous knowledge net-
works, improving the communication of formal advice, 
upscaling local climate resilient practices, that also have 
added social or economic co-benefits (Rao et al. 2016; Ger-
ber and Mirzabaev, 2017) and that would help mainstream 
adaptation in the long run (Prabhakar and Shaw, 2008) as an 
enduring characteristics of a resilient farming system (Meu-
wissen et al. 2019).

Conclusions

Agriculture in tropical Asia is sensitive to drought and 
associated impacts. By exploring the influence of several 
types of financial interventions described in the academic 
literature on micro- and macro-level outcomes, we were able 
to infer the potential to support adaptation towards more 
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drought-resilient agriculture. At a farm level, interventions 
help to sustain crop yields and protect farmers’ income dur-
ing drought. The interventions were also associated with 
adaptive behaviours where farmers were able to make 
changes and increase their capacity to make their liveli-
hoods more resilient. At a macro-level, governments were 
challenged by the budgetary and administrative demands 
of running many of the schemes. Interventions were also 
linked to wider social, economic and environmental impacts 
which implied a need for more integrative scheme monitor-
ing and evaluation. Whilst there may be no optimal solu-
tions, mixes of instruments may bring benefits when tailored 
to specific contexts and levels of risk. The evidence, albeit 
of varying quality and strength and set in cross-national con-
texts, suggests that there are challenging policy trade-offs 
for institutions to make between supporting livelihoods and 
economic growth whilst also protecting the environment 
and sustaining local communities. The design of schemes 
should benefit from deeper consultation with farmers, under-
taking need-based assessment and supporting the promo-
tion (and upscaling) of effective community-level adaptive 
practices. Evidenced by the low participation rate of many 
schemes integrated packages of support may help reach a 
greater diversity of farmers and should aim to account for 
different literacy and wealth levels of farmers across the 
region, thus reinforcing the higher vulnerabilities of certain 
groups or sectors within the farming system. A focus on 
low-regret investments may help reduce vulnerabilities and 
mainstream adaptation as an ongoing, reflexive evaluation 
of system resilience. In this regard, agricultural extension, 
local experimentation, social networks and social learning 
may play important roles in strengthening the elements of 
agricultural systems contributing to reorganisation but also 
to maintaining the more desirable configurations. To con-
clude, further research should aim to evaluate such finan-
cial interventions using more controlled experimental (or 
quasi-experimental) methods so that the quality and strength 
of evidence on the relative advantages and disadvantages 
of different strategies can be more rigorously weighed up 
and synthesised. The relative sparsity of studies in countries 
within the region highlights an opportunity for inter-regional 
and cross-national collaboration.
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