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Financial inclusion helps rural 
households address climate risk
Ashwini Chhatre 1*, Prachi Deuskar 1, Javed Mohib 2 & Deepanshi Bhardwaj 3

Financial inclusion plays an important role in helping households manage risks, but its role in 
mitigating climate risks is unexplored. Access to formal financial institutions in regions with high 
climate risks increases households’ access to liquidity that they need to buffer against climate shocks. 
Using longitudinal data from 1082 rural households located in the semi-arid tropics in India, we find 
that households facing high climate risks hold a higher proportion of assets in liquid form. Access to 
formal financial services, however, reduces the need to keep liquid assets to be able to respond to high 
climate variability. Our results suggest that expanded financial inclusion in regions with high climate 
variability can reallocate resources held in unproductive liquid assets to invest in climate adaptation.

As it becomes increasingly clear that some degree of catastrophic climate change is unavoidable, the world is 
gearing up to manage climate change by enabling adaptation at all  levels1–3, with a focus on rural households in 
low- and middle-income countries as one of the most vulnerable social  groups4. Scholars have proposed multiple 
approaches that include reducing vulnerability through livelihood  diversification5–7, increasing adaptive capacity 
by improving  governance8, and using technology to provide advanced and early warning of impending extreme 
weather  events9. Until now, these proposals have mostly been translated into discrete projects, implemented 
with the support of multilateral institutions, philanthropic foundations, and international  organizations10,11. 
At the same time, it is apparent that information about the potential impacts of climate change derived from 
downscaled climate models will not be available at sufficiently high resolution or precision for planning effective 
climate adaptation at the household or community  level12. To the extent that our current state of knowledge about 
climate change is restricted to probabilistic estimates of changes in climate risk in the medium to distant future, 
the emerging focus on adaptation to unavoidable and inevitable climate change is welcome.

The state of our knowledge about rural households in semi-arid tropics is worse than our knowledge of poten-
tial climate impacts on these households. We know that rainfed farmers are directly at risk from unpredictable 
weather events such as delayed monsoon onset, long dry spells, unseasonal frost or hail, and in the extreme, 
droughts and  floods4,13. An important strand in scholarship on climate adaptation examines the strategies, such 
as occupational diversification, seasonal migration, and reliance on social networks, employed by households 
themselves to manage  risks5,14–16. One important aspect of such strategies often addressed in passing in this 
literature is the common practice of holding a fraction of assets in liquid form to provide quick access to cash 
in times of negative income  shocks17–19. Due to the nature of imperfect markets in rural areas, households face 
a steep trade-off between liquidity and returns in the limited avenues available to them, with disproportionately 
low returns on distress sale of assets. Such coping strategies will put households on a lower-growth trajectory in 
the long-term by lowering ex-ante investment in productive  capital17. We expect households living in regions 
with high climate variability to hold a higher proportion of their assets in a form more amenable to quick liqui-
dation, in addition to other risk mitigation strategies. However, holding liquid assets is not costless as it reduces 
resources available for productive investment or consumption.

We estimate the impact of access to formal financial institutions on the ability of rural households to address 
climate risks. In the absence of liquid assets, rural households turn in the last resort to consumption loans from 
informal sources and often at exorbitant interest rates. Such predatory lending practices exacerbate household 
vulnerability and prolong recovery from climate shocks. In response to high and increasing levels of indebtedness, 
governments, bilateral and multilateral organizations, and philanthropic foundations have focused attention to 
expanding financial inclusion of the poor through multiple mechanisms. Indeed, there is evidence that financial 
inclusion helps people manage risks  better20, enabling them to make more productive  investments21,22. Financial 
inclusion enables more efficient allocation of scarce resources towards addressing climate risk. Rural households 
with access to formal financial institutions need to hold fewer assets in liquid form, compared to those without 
such  access19,23, making resources available for investments in adaptation to climate change.
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We examine the extent of assets held in liquid form as a hedge against climate risk, with and without finan-
cial inclusion. Our analysis draws on granular household-level panel data of 1082 households, tracked across 
2010–2014 (SI Materials and Methods). The data are obtained from International Crop Research Institute for 
the Semi-Arid Tropics—Village Dynamics in South Asia (ICRISAT-VDSA) and cover households in 30 villages 
across nine states in Indian semi-arid  tropics24. The dataset includes household characteristics such as size, caste, 
landholdings, assets, liabilities, financial transactions as well as their exposure to different income shocks and 
coping mechanisms. We examine liquid assets—defined as cash, gold, silver, and financial investments—as a 
percentage of the monetary value of total household assets.

Arguably, financial inclusion is a multidimensional concept. Indeed, Camara and  Tuesta25 consider the dimen-
sions of access, usage, and barriers to inclusion and Avom et al.26 further add the dimension of penetration while 
constructing country-level financial inclusion indices. Using our granular data, we capture financial inclusion of 
the household through two indicators: 1. whether the household saves in or borrows from banks or other formal 
financial intermediaries (HH_BANKED); 2. if the household reports ‘bank’ as being in their top three reliable 
sources of support in case of a climate shock (BANK_TOP3). HH_BANKED reflects access as well as penetration 
of formal financial institutions. BANK_TOP3, in addition to these two dimensions, also indicates usage and low 
barriers since the household considers banks as a reliable source. Globally, financial inclusion is dominated by 
access to financial institutions like banks with 60% of the adult population having an account with a financial 
institution and only 2% having a mobile money  account11.

However, one might wonder whether banks are the right mode to measure financial inclusion of the rural 
population. This concern is assuaged by expansion of rural baking in the Indian context. Since 1969, with the 
beginning of the social banking phase, India has made a conscious effort through various policy choices to 
expand rural  banking27–29 among others. As a result, as Garg et al.30 note, bank access in rural areas has improved 
consistently over time with the average distance of unbanked villages to the nearest banked centre coming down 
from more than 20 km in 1969 to less than 10 km by 2010. India’s central bank implements the Priority Sector 
Lending policy, which stipulates that 18% of Net Adjusted Bank Credit must be delivered to the Agriculture sec-
tor, with slightly less than half of this dedicated for small and marginal farmers. This support, however, can only 
be delivered through banks in rural areas. Therefore, expanding financial inclusion in rural areas requires bank 
accounts for delivery of subsidized credit and other financial products. Over the last ten years, this policy has 
received further impetus through expanded investment in creating demand for zero-balance savings accounts by 
expansion of Direct Cash Transfer of subsidies and credit as a statutory requirement for receiving public welfare 
benefits. Savings products help by providing safety from theft, helping curb impulse spending, and facilitating 
better cash  management20.  Narayanan31 finds that higher agricultural credit is associated with increase in use of 
fertilizers and pesticides and higher investment in tractors.  Young32 finds that expansion of rural banking results 
in increase in total output for several important crops.

We use coefficient of variation in long-term rainfall and temperature at the village level as indicators of 
climate risk, derived using data from India Meteorological Department covering 1951–2014 (Tables S1, S2). 
These two dimensions of risk show a moderate positive correlation (Pearson’s Rho = 0.37, p = 0.043) but with 
high independent variation (Fig. 1A).

Typical of rural populations in the semi-arid tropics, 59% of the households in our sample experienced climate 
shocks in at least one of 5 years and 13% faced them in more than 2 years (Fig. S1). Out of the 633 households 
that faced at least one adverse climate shock affecting their livelihoods, a large fraction (358, 57%) reported 
their own savings as the primary coping mechanism (Fig. S2). As a consequence, the proportion of liquid assets 
held by rural households increase in proportion to rising climate variability (Fig. 1B,C). This is consistent with 
our proposition that households set aside a larger liquidity buffer to mitigate risks arising from high climate 
variability. For households facing a climate shock, their most reliable external source of assistance is kin and 
relatives followed by friends, with banks coming in fifth behind village community and money lender (Fig. S3). 
When the households have bank in their top 3 reliable sources of assistance, they rely less on moneylenders. In 
our sample, 20.1% of households report moneylender being in the top 3 sources as opposed to 29.8% households 
when bank is not in top 3 (Two-sample t-test; t-stat = 6.64, Pr(|T| >|t|) = 0.000, Fig S4). Households with access to 
formal financial institutions keep a slightly larger share of their assets in liquid form (Liquidity Ratio = 20.29% 
for households reporting Bank in their top 3 reliable sources of assistance in a crisis, compared to 14.19% for 
households that do not. Two-sample t-test; t-stat = 12.07, Pr(|T| >|t|) = 0.0000, Fig. 1D). This positive relationship 
could be driven by the selection that households who want to save more or have a greater ability to save are more 
likely to rely on banks. We address this endogeneity through instrumental variable approach as discussed next.

How does the portfolio of banked households compare to that of the unbanked in relation to climate risk? 
To understand the relationship between climate risk, financial inclusion, and household liquidity, we model the 
fraction of liquid assets as a function of the climate risk variables, a financial inclusion indicator, and its inter-
action with climate risk. We appreciate that whether the household is financially included depends on many 
observed and unobserved factors, some of whom may be correlated with the fraction of assets held in liquid 
form. To address this issue, we use instrumental variables regression with village indicators as instruments for 
financial inclusion, while controlling for relevant household and village level variables in the main model (SI 
Materials and Methods).
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Our results indicate that climate risk is strongly and positively associated with the fraction of liquid assets. 
Climate risk one-standard-deviation above the sample mean is associated with 5–12 percentage points larger 
liquid asset component in total assets of rural households (Fig. 2, Table S3). This is a substantial effect given that, 
on average, a household holds 15.6% of its assets in liquid form. However, access to formal financial institutions 
mitigates this effect to a large extent. Relative to the unbanked, the financially included hold 1–13 percentage 
points fewer assets in liquid form, when exposed to one-standard-deviation higher climate risk (Fig. 2, Table S3). 
We draw similar conclusions about the effect of climate risk on the banked and unbanked using several other 
specifications (Tables S4 and S5).

Taking these results together, we interpret that households respond to higher climate risk by keeping a larger 
buffer in the form of liquid assets. In resource-poor settings characterized by small landholdings and limited 
diversification opportunities, this reduces the resources available to households to make productive investments 
and/or increase consumption. However, financial inclusion alleviates the need to hold liquidity, relieving the 
resource constraint and enabling rural households to respond better to known climate risks.

To better understand the extent to which financial inclusion frees up resources, we examine predicted values 
of percentage of liquid assets for the banked and unbanked for varying degrees of climate risk. When rainfall 
risk and temperature risk are both one-standard-deviation above their mean, the unbanked are predicted to hold 
nearly 50% in liquid assets (Fig. 3A). In such a high-risk scenario, the banked are projected to keep less than 
20% liquidity in their asset portfolio (Fig. 3B). These results imply a sizeable effect of financial inclusion, given 
that current models of climate change predict an increase in both temperature and rainfall risk over the next few 
decades. In regions facing high climate risk, financial inclusion will reduce the resources that households need 
to keep in liquid form and therefore make them available for productive investments to address climate risk.

Figure 1.  The figure shows the relationship between climate risk, liquid assets, and financial inclusion. (A) 
Rainfall Risk in a village on Y-axis against Temperature Risk on the X-axis. (B) Average percentage of liquid 
assets in a village on Y-axis against Rainfall Risk on the X-axis. (C) Average percentage of liquid assets in a 
village on Y-axis against Temperature Risk on the X-axis. (D) Average percentage of liquid assets for banked 
and unbanked households, along with the results of a two-sample t-test for the difference. Panels A, B, and C 
also show the fitted line with 95% confidence interval. Rainfall Risk and Temperature Risk are measured as 
the coefficient of variation of annual rainfall and mean temperature from 1951 to 2014. Yearly values are total 
rainfall and mean of daily average temperature, during 120 days after monsoon onset. Banked households 
are defined as either (1) those who save or borrow from banks or other formal financial intermediaries (HH_
BANKED); or (2) those who report ‘bank’ as being in their top three reliable sources of support in case of a 
climate shock (BANK_TOP3).
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To understand the implications for our findings beyond the 30 villages in our sample, we examine all the 
districts in 12 Indian states in the semi-arid tropics from the NSSO Debt and Investments survey. For each dis-
trict, we calculate temperature risk and rainfall risk in the same way we calculate it for our sample villages. While 
the distribution of climate risk is similar for these larger sample of districts (Figs. S5B and S5C), we restrict the 
sample to the districts that fall within the range of VDSA climate risk variables. We estimate the percent of assets 
held in liquid form for banked and unbanked households using our main results (Fig. 2, Model 2). As we move 
from districts with low climate risk to those with high climate risk, we see a steep rise in the predicted liquidity 
ratio of unbanked households (Fig. 4B,D). The same comparison for banked households (Fig. 4A,C) shows a 
significantly less pronounced increase in liquid assets. These results further highlight the role financial inclusion 
can play in helping rural households respond to climate change by enabling them to reduce their unproductive 
liquid assets held as a buffer in response to climate risk.

Our results have important implications for the broader discussion about policy actions to enable adaptation 
to changing and increasing climate risk. Current knowledge of impacts of climate change is severely restricted by 
the coarse resolution of general circulation models. Even where scientists are confident about their projections 
regarding changing exposure to climate risks, policymakers still need to consider the differential vulnerability 
of affected populations in designing effective climate adaptation policies. Rural households in the semi-arid 
tropics are particularly sensitive to climate variability due to the nature of their livelihoods. They have adapted 
to climate risk by keeping a high proportion of their assets in forms amenable to relatively quick liquidation in 
response to income shocks or crises.

Given the differential vulnerability of rural households to climate change, specific climate actions are unlikely 
to benefit all households. For example, subsidies to encourage use of green manure can increase the ability of 
soils to retain moisture, enabling crops to withstand longer and harsher dry spells. But such an intervention will 
only help farmers that grow the crops that are at risk of dry spells. It will not benefit farmers growing drought-
resistant varieties, or households with non-crop livelihood practices such as wage labor, wild collection, or service 
provision. These rural households, though affected by droughts indirectly through their dependence on farmers, 
will likely continue to use their liquid assets to meet expenses during droughts.

Figure 2.  This figure shows the marginal effects and 95% confidence intervals from an instrumental variable 
regression of fraction of liquid assets on an indicator of financial inclusion (Bank), Rainfall Risk, Temperature 
Risk, and their interaction with Bank from four models. The dependent variable is the inverse normal 
transformation of the fraction of liquid assets. Black circles show the marginal effect on the percentage of liquid 
assets. Black lines indicate the 95% confidence intervals. Rainfall Risk and Temperature Risk are measured at 
the village level and are standardized to have mean 0 and unit standard deviation across villages. All the models 
control for household size, village altitude (meters above mean sea level), village nightlights (as a proxy for 
level of economic activity), and district, caste and farmer class fixed effects. Models 1 and 2 use BANK_TOP3 
indicator while Models 3 and 4 use HH_BANKED to measure Bank (financial inclusion). Models 1 and 3 
measure economic activity using sum of stable lights and Models 2 and 4 using lit pixels in the nightlights data.
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Financial inclusion puts resources directly in the hands of rural households in the form of relief from holding 
liquid assets, and this benefit increases with climate risks. Such a decentralized benefit also allows each household 
to reallocate resources to uses that are most appropriate to and closely aligned with specific livelihood portfolios. 
The cumulative economic benefit of a distributed pattern of investments will far outweigh anything that a central 
planner can accomplish with public investments in adaptation, especially given the lack of granular information 
regarding risks and opportunities at the household  level12. Known benefits of financial services to mitigate climate 
risk, such as insurance, cheap credit, and long-term savings, will also only accrue after rural households are able to 
access formal institutions in the financial services sector. Our results show that expanding financial inclusion for 
the poor has clear climate adaptation benefits for rural households in semi-arid tropics facing high climate risks.

Figure 3.  This figure shows the predicted percentage of liquid assets using results from Model 2 in Fig. 2 for 
(A) the financially excluded households (BANK = 0) and (B) the financially included households (BANK = 1). 
Temperature Risk and Climate Risk varies from -1 to + 1 standard deviation. All other explanatory variables are 
at their mean.
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Data availability
All data and code necessary to reproduce results reported here are available at https:// data. mende ley. com/ datas 
ets/ rmsjd wht28.
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