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Analysis of the relationship between rainfall and economic growth in 1 

Indian states 2 

 3 

Abstract 4 

The relationship between rainfall variability and economic growth is complex, and tends to 5 

be significant in economies like India where agriculture plays a major role in economic 6 

output and food security. This paper seeks to provide insight into this relationship using 7 

Indian state-level economic and rainfall data from 1961-2012. We examine all 15 Indian 8 

states with populations exceeding 20m, totalling 920m people (as of 2000), about 12% of the 9 

global population.  Physical and human geography vary greatly between, and even within, 10 

these states, reflecting the global range of water security challenges and providing an 11 

analogue for a range of global economic development and environmental conditions. We 12 

identify three patterns of interdependence between rainfall variability and economic growth: 13 

i) Continuous Correlation of rainfall and economic growth rates, ii) Decayed Correlation 14 

from a significant to an insignificant relationship, and iii) Never Correlated i.e. no significant 15 

observable correlation between rainfall and growth. Sensitivity to rainfall variability is 16 

somewhat less in wetter states. Investment in irrigation infrastructure has helped states to 17 

reduce their economic sensitivity to rainfall variability, with three of the four states that have 18 

Decayed Correlation of growth with rainfall having the highest percentage expansion in 19 

irrigated areas of the 15 states. Greater use of groundwater supplies (rather than surface 20 

water) does not, however, appear to influence the sensitivity of economic growth to rainfall 21 

variability. The relationship between rainfall-growth correlation and long term income is 22 

complex; states which are correlated generally appear to be growing faster than states which 23 

are not correlated, but that growth is occurring from a lower per capita income level. Finally, 24 

confirming national trends for India, the paper does not find that economic diversification 25 

away from agriculture has reduced economic sensitivity to rainfall variability. The 26 

observation that growth in economically-diversified states can still be dependent on rainfall 27 

invites further research into the ways in which rainfall either directly, or through other hydro-28 

climatic variables, influences the general economy. 29 
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1. Introduction 1 

Throughout modern history, India’s economy has been thought to be strongly influenced by 2 

variations in water resources on a seasonal and annual basis, estimated by some to account 3 

for 45% of fluctuations in inter-annual Gross Domestic Product (GDP) (Virmani 2004). 4 

Significant work has been carried out examining the link between water resources and growth 5 

at the national level (Gadgil and Gadgil, 2006, and Mooley et al.,1981), with attempts to 6 

explain the propagation through the economy of the impacts of rainfall variation. The 7 

challenges of ascribing causal mechanisms are highlighted by the literature, including the 8 

paradox that the economy has continued to be sensitive to rainfall even while the national 9 

economy has diversified away from agriculture, and the irrigated agricultural area has 10 

expanded. At the state level, India exhibits significant geographic and climatic diversity, in 11 

addition to economic, cultural and political variation. Nonetheless, Indian states are governed 12 

by the Constitution of India, a common national framework that makes state-level data more 13 

amenable to comparison than country-level data used in previous studies of the relationship 14 

between hydroclimatic variability and economic growth (Hall et al., 2014). This paper 15 

examines the relationship between rainfall and economic growth across Indian states, 16 

revealing statically verifiable differences in behaviour, and deepening understanding of how 17 

water management may affect economic impact of changes in rainfall. In so doing, this paper 18 

extends the methodology and justification for examining rainfall-growth relationships. 19 

Section 1 of the paper reviews past empirical and conceptual work on rainfall-growth 20 

relationships, Section 2 reviews the economic and water resource development and rainfall-21 

growth relationships in India. Section 3 highlights research gaps and frames research 22 

hypotheses in light of the literature review. Section 4 discusses the data used in the analysis, 23 

with results and analysis presented in Section 5, followed by conclusions in Section 6. 24 

 25 

 Previous work has examined relationships between rainfall and growth (and/or agricultural 26 

output) at global or national scales, using a range of methodologies both to examine trends 27 

and investigate possible causal influences. The fundamental assumption behind this work is 28 

based on the premise that economies’ growth can be influenced by rainfall and water 29 

availability (e.g. Brown et al., 2013), whereby droughts and floods impede agricultural, 30 

power and industrial production, and floods also impact physical infrastructure. At a country 31 

level, this relationship is illustrated by Grey and Sadoff (2007) to be evident for Ethiopia over 32 

an 18 year period (Figure 1). Their work proposes that, for the period to 2000, Ethiopia’s 33 
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total and agricultural growth is influenced by annual rainfall. The years since 2000, not 1 

included in Grey and Sadoff’s analysis, have been relatively stable in terms of rainfall, and 2 

also experienced significant economic growth, potentially removing the correlation with 3 

rainfall that was observed up to the year 2000 (Conway and Schipper, 2011). However, 4 

drought was still seen as a major risk  (IMF 2014), which has been realised in 2016 (IMF 5 

2016).  6 

 7 

 8 

 9 
Figure 1 – Rainfall variation and Economic Growth for Ethiopia 1982-2000. From Grey and 10 

Sadoff 2007, Figure 5, developed from World Bank 2006, Figure ES.2 11 

 12 

Building on work by Brown and Lall (2006) which comprised a global analysis of rainfall-13 

growth relationships, Sadoff et al. (2015) further highlights the strong relationship between 14 

trends in growth and water availability, in this case runoff, and suggest mechanisms by which 15 

growth has been buffered from the effects of inter-annual water resource availability. They 16 

conclude that the economic impact of rainfall variability (i.e. a form of water insecurity) 17 

poses a significant drag on long-term economic growth and development potential. It has 18 

been further argued that investment in infrastructure and institutions is associated with 19 

reduction in the negative impacts of variability on economic growth (Grey and Sadoff, 2006). 20 

Sadoff et al. (2015) presented three cases to illustrate different versions of the inter-21 

relationship between hydrological variability (as indicated by runoff) and growth  (Figure 2): 22 

(i) Malawi is presented as a case of low investment and low water security, with a continuous 23 

sensitivity of growth to runoff variation; (ii) India is presented as a case of medium 24 
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investment and reduced sensitivity of economic growth to runoff; and (iii) China, with high 1 

investment in water (both storage and flood control), is seen to have eliminated the sensitivity 2 

of growth to inter-annual runoff variability. The three countries fit on to an ‘S’ curve of 3 

investment and water insecurity presented by Grey and Sadoff (2007), whereby cumulative 4 

investment in water security measures enable countries to transition via a tipping point from 5 

water insecure to water secure states. Dadson et al., (2017) take the process further, 6 

conceptualising instances of investment as a promoter of growth and other cases where 7 

insufficient or poor investment further drags the economy, resulting in a low-level 8 

equilibrium trap. In this low-level trap, economies suffer recurrent losses and are not able to 9 

accumulate enough wealth to invest in water security.  10 

 11 
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Figure 2 – Runoff variation (%) and annual growth (%) for Malawi (low 1 
investment, low water security), India (medium investment, medium 2 
water security) and China (high investment, high water security, growth 3 
no longer correlated with runoff variability). Adapted from Sadoff et al., 4 
2015, box 2, data pers. comm. 5 

 6 

7 
Figure 3 – Conceptual model of rainfall-growth sensitivity, whereby below average rainfall 8 

is associated with negative income change, moderately above average rainfall associated with 9 

positive income changes, and heavy rainfall (with flooding) associated with diminished 10 

income due to damage and economic disruption. 11 

 12 

This growing body of literature has established hypotheses about the relationship between 13 

hydroclimatic variability, water security and economic growth (changes in income) at 14 

national level, which is conceptualised in Figure 3. The model captures the ideas from 15 

Dadson et al (2017), that low rainfall (drought) will restrict agricultural and other production, 16 

and result in reduced income. Slightly below average rainfall can be tolerated, and can 17 

produce positive income, while moderately above average rainfall produces enhanced 18 

production and income. Extreme rainfall can produce floods that negatively impact income 19 

through lost crops, impacted communication and trade, and also result in damage to assets, 20 

captured in the model by a decline in income with large rainfall events. Water-related 21 

investments can help economies buffer themselves from low or high rainfall extremes 22 

(Dadson et al. 2017). However, the rainfall-economy relationship can also be influenced by 23 
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non-climatic factors, including social, economic, legal and political factors within and 1 

between nations.  2 

 3 

In large and geographically diverse countries, there is also a potential mismatch between the 4 

country-level at which statistical analyses have taken place and the complex sub-national 5 

scale processes through which causal influence is actually played out. There are many ways 6 

in which hydroclimatic variability may influence the behaviour of economic agents, 7 

alongside many other non-climatic factors. In an attempt to bridge these gaps, this paper 8 

analyses state-level data in India in order to provide a first national, inter-state analysis of the 9 

relationship between rainfall and growth, and provide a comparative base to examine 10 

potential causal mechanisms behind the relationships. The rationale for an inter-state water 11 

security analysis in India are outlined by Briscoe et al. (2005). We recognise that state-level 12 

data are still at a high level of aggregation, but argue that operating at a state level within one 13 

country helps to address some of the factors that confound cross-country comparisons. We 14 

seek to understand changes in relationship between rainfall and growth sensitivity over time, 15 

including the role of widespread expansion of irrigation in India, the uptake of tubewells 16 

from the 1960s that spurred individual irrigation enterprises, and the economic reforms of the 17 

1980s and 1990s. In all, India’s fifteen largest states are analysed. 18 

 19 

 20 

2. Hydroclimatic variability and economic development in India  21 

India is home to the world’s second largest national population. It is almost entirely 22 

dependent on internal food production, with only 1.3% of its food tonnage imported in 2011 23 

(FAO 2013). The country exhibits significant geographic diversity, ranging from sub-24 

tropical, tropical, alpine and semi-arid to desert environments, with associated human 25 

settlement patterns and economic conditions, and with a high degree of intra- and inter-26 

annual rainfall variability driven by the eastern and western branches of the South Asian 27 

monsoon system. Therefore an aggregated national analysis of the relationship between 28 

rainfall and growth can present a very different picture to the relationship seen in individual 29 

states (Dreze and Sen 2013). A more granular analysis at the state-level can help illuminate 30 

sub-national heterogeneity and potentially further identify factors contributing to any 31 

emergent trends. 32 

 33 
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Due to this geographic diversity, India spans many of the human and environmental contexts, 1 

and thus water security challenges, seen across the world. The country also exhibits 2 

significant economic diversity, from state economies dominated by pastoralism and 3 

agriculture to those increasingly built on industry and services. The states are politically and 4 

spatially heterogeneous.  Spanning capitalist and socialist philosophies, they exhibit a near 5-5 

fold difference in per-capita income between the poorest and richest states, and there are 6 

large differences in territorial extent between the smallest and largest states. In this study, all 7 

states with populations over 20 million (or greater than 2% of national population) have been 8 

selected, encompassing fifteen of India’s 29 states and 7 union territories. This filter ensures 9 

that the smallest states and directly-ruled union territories, are excluded from the analysis, in 10 

order to control for one element of economic and political heterogeneity in the cross-state 11 

comparison. The 15 states comprise 920 million people as of 2000, 88% of the national 12 

population, and 12% of the global population. The year 2000 was chosen as the reference 13 

population year, as this predates the split of Bihar, Madhya Pradesh and Uttar Pradesh, and 14 

also enables jurisdictionally consistent comparison of economic growth across time later in 15 

the paper. The diversity of key geographic and economic characteristics are shown in Table 16 

1. The table illustrates the considerable variation in personal income between states, as 17 

expressed by Net State Domestic Product (NSDP) per capita, and the range of relative growth 18 

between different states during the period 1970-2000, ranging from close to zero (Madhya 19 

Pradesh) to over 400% (Haryana). In all states the importance of agriculture declined between 20 

1970 and 2005, however the relative importance of agriculture varies between economies 21 

from 13 to 36%. Average state rainfall varies from 441mm/yr in Rajasthan to 2828mm/yr in 22 

Kerala.  This national environmental, and economic diversity also provides India with 23 

considerable ability to learn from the diversity of its own experience (Dreze and Sen 2013). 24 

 25 

 26 

 27 

 28 

 29 

 30 

 31 

 32 

 33 
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Maharashtra 493039 199122 248% 96168 1134 13.8% 

(157mm) 

307713 313 26% 13% 

Punjab 476072 211337 225% 24310 606 25.7% 

(156mm) 

50362 483 58% 36% 

Tamil Nadu 349795 149137 345% 62183 931 21.6% 

(201mm) 

130058 478 39% 12% 

Karnataka 347776 141830 245% 52521 1168 13.6% 

(159mm) 

191791 274 55% 19% 

Gujarat 363138 173057 210% 50172 685 32.4% 

(222mm) 

196024 256 43% 17% 

Andhra 

Pradesh 

303193 124835 243% 76045 891 15.7% 

(140mm) 

275045 276 54% 24% 

West Bengal 337089 160787 210% 79840 1914 11.8% 

(225mm) 

88752 900 36% 23% 

Kerala 283740 144507 196% 31699 2828 16.0% 

(452mm) 

38863 816 43% 14% 

Haryana 227194 56309 403% 20919 546 26.6% 

(145mm) 

44212 473 64% 25% 

Rajasthan 229898 148527 155% 55889 441 25.4% 

(112mm) 

342239 163 62% 30% 

Madhya 

Pradesh 

189622 174245 109% 60348 1103 16.6% 

(183mm) 

443446 136 56% 29% 

Uttar 

Pradesh 

172448 115295 150% 168289 983 18.6% 

(183mm) 

294411 572 59% 31% 

Orissa 175312 131746 133% 36623 1432 15.3% 

(219mm) 

155707 235 59% 24% 

Assam 163315 123442 132% 26368 2712 17.6% 

(478mm) 

78438 336 40% 29% 

Bihar 104441 86828 120% 81873 1216 14.6% 

(177mm) 

137877 594 44% 24% 

 1 

Table 1 – Illustration of the range of economic and geographic indicators, listed in 2 

descending order of NSDP/Cap (2000), of the 15 Indian states with state populations 3 

exceeding 20million. The disparity in NSDP/Capita between the richest state (Maharashtra) 4 
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and the poorest state (Bihar) is almost five-fold. This table includes all states extant as of Jan 1 

2000 states with populations of over 20 million people.  2 

 3 

Rainfall and water resources have been a recurring theme in India’s history and development, 4 

with its economic management popularly regarded as a ‘gamble on the monsoon’ (Gadgil, 5 

2003; Wang 2006). This perception persisted throughout the 20th century, despite significant 6 

growth of irrigation infrastructure during that period. However, in 2005, a growing argument 7 

emerged that the Indian economy was no longer a gamble on the monsoon (Economic Times 8 

March 2005, cited in Briscoe and Malik 2006), due to a minimal suppression of growth 9 

during low rainfall in 2004-5. Despite an apparently more robust economy during the 2000s, 10 

by 2016, the political-economic power of the monsoon was once again clear: “In June 2015, 11 

U.S.$2.3bn was wiped off the Indian stock exchange in less than 48 hours after the 12 

government issued a warning about the outlook for this year’s monsoon” (C. Lamb, cited in 13 

Skroupa, 2016). Such anecdotal evidence suggests that actual or anticipated rainfall shocks 14 

still have significant economic impact.  15 

 16 

Previous studies have effectively established a significant relationship at a national scale 17 

between rainfall variation and GDP growth in India. It has been determined using standard 18 

regression tests of growth against deviation of annual rainfall from mean rainfall between 19 

1950 and 2002, that “…about 45% of the variation in India’s GDP growth is explained by the 20 

fluctuation in rainfall” (Virmani, 2006, p.87). Mooley et al. (1981) compared rainfall with 21 

crop yields, and found that low rainfall explained 10-50% of increase in crop prices. Mooley 22 

et al.’s method compared the All India Index of Food Prices with year of rainfall identified as 23 

having a ‘marked deficiency’, whereby over 40% of the country receives rainfall 20% or 24 

more below average. They further found that other variables such as fertiliser, pests and 25 

technological improvement represented constant influences on yields, rather than explaining 26 

any inter-annual trends. Twenty years later, Cagliarini and Rush (2011) reaffirm the dominant 27 

role that rainfall variation plays in the variance of agricultural production in India. They also 28 

identify agricultural volatility to fluctuations in the Indian economy as a whole, despite a 29 

decline in agricultural contribution to GDP from 30% in 1980 to 15% in 2010. In contrast to 30 

break points observable in GDP growth rates as a whole, Virmani 2006 finds no break points 31 

in agricultural GDP growth, once rainfall has been accounted for, indicating the importance 32 

of rainfall in influencing overall growth trends. 33 

 34 
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While there is a significant relationship between reduced rainfall and reduced growth, Gadgil 1 

and Gadgil (2006) note an asymmetry between economic sensitivity to rainfall deficit 2 

(drought) and rainfall excess, whereby the costs of a rainfall deficit are of a larger magnitude 3 

than the gains in a similar excess year. They also discuss the challenges inherent in using a 4 

determinant of rainfall amount to distinguish between ‘good’ wet years which may enhance 5 

crop production and ‘economically damaging’ wet years where floods may harm crop and 6 

other economic assets. In particular, they highlight difficulties in assessing timing and 7 

location of rainfall relative to crops and harvest periods (see also Mooley et al., 1981). This 8 

difficulty is also highlighted by Gorst (2017) for India, and echoes global trends over 9 

uncertainty over rainfall-flood impact noted by Lesk et al (2016). Gadgil and Gadgil (2006) 10 

also note the complexity of flood damage due to dam bursts, which may cause damage in a 11 

particular location well away from, or well after the time of, a significant high rainfall event.  12 

 13 

The historic and complex relationship between rainfall and growth can be seen to have 14 

shaped the India’s water and economic development throughout modern history. Up to the 15 

19th century, India’s agricultural production was predominantly reliant on local water 16 

management, with some areas continuing in this manner up to the 1960s (Shah, 2009). 17 

During the late 19th and into the 20th century, significant investment in irrigation led to a shift 18 

towards centralised and regionalised water management (Briscoe and Malik, 2007). 19 

Throughout the 20th century, significant investments were made in irrigation, led by the 20 

national government, which had invested a total of Rs920bn up to 1997 (US$23.7bn based on 21 

1997 rates) (Gulati et al., 2005). In each of India’s 5 year economic plans, irrigation 22 

investment represented a prominent destination of funds, commencing at 22% of total plan-23 

based expenditure in the first five year plan (1951-1956), but declining as a proportion of 24 

subsequent plans (ibid).  25 

 26 

The irrigation investment helped underpin the ‘Green Revolution’ in Indian agriculture from 27 

the 1960s, along with improved crop varieties and other approaches to increase agricultural 28 

yields, food security and rural development. The large yield gains of the Green Revolution 29 

were also facilitated by subsidies, including fertilisers (supported up to a magnitude of 1% of 30 

national GDP), and state-supported food prices. 31 

 32 

By the 1990s, the investment in irrigation had resulted in 89 million hectares (ha) of land 33 

being equipped for irrigation, representing 64% of an ultimate irrigation potential of 139.9 34 
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million ha (Gulati et al., 2005), although only about 71 million ha is actively utilised (Rao 1 

and Hiremath, 2009). India’s active irrigated area comprises 40% of its cultivated agricultural 2 

area, but produces 70% of its crop output (Cagliarini and Rush, 2011). The role of tubewells 3 

is significant, with assessments estimating that groundwater now supports 50% or more of 4 

national irrigated area (Briscoe and Malik 2006, Gulati et al. 2006) The rise of tubewell use 5 

was enhanced, as part of the ‘Green Revolution, by the politically expedient provision of low-6 

cost, unmetered, or area-based electricity, removing energy prices as a barrier to uptake 7 

(Gulati and Pahuja 2015, Cagliarini and Rush 2011). With the increase in autonomously-8 

developed groundwater, farmers have also become less dependent on irrigation departments 9 

and government agencies for the coordination and financing of new irrigation capacity, 10 

leading to uncoordinated irrigation development (Briscoe and Malik, 2006).  As well as 11 

providing water for crop production, pumping in areas of shallow groundwater lowers the 12 

water table, reducing waterlogging and further improving agricultural production. 13 

Groundwater-based irrigation has also played a crucial role in increasing yields of previously 14 

rainfed areas; between 30% and 50% of water requirements in nominally rainfed areas is now 15 

provided through groundwater irrigation, building resilience against variability in rainfall 16 

(Shah 2009). Today, groundwater plays a crucial role in underpinning food grain production 17 

so is regarded as a “powerful engine of the rural economy” (Malik 2016, p.11). 18 

 19 

While there are multiple positive aspects to the use of groundwater, much of this water is 20 

being abstracted at a rate that exceeds recharge. Briscoe and Malik (2006) estimate that up to 21 

15% of India’s food supply is met through unsustainable groundwater use. The security of the 22 

groundwater supply is worsened by the continued provision of free electricity, which 23 

encourages over-pumping and irrigation at times when power is available, rather than in 24 

volumes and timings required by the crop, and creates grid loads which can lead to blackouts 25 

(Malik 2016). Unsustainable groundwater withdrawals in India is significant on a global 26 

scale, with Dalin et al. (2017) assessing that 30% of the of the 292 km3 of annual global 27 

groundwater deficit occurs in India, with the global deficit supporting up to 10% of world 28 

food needs. While irrigation would appear to have bolstered food supplies, the dependence on 29 

unsustainable groundwater and its weak regulation represents a major challenge for the future 30 

of India’s agricultural production and allocation of its water resources. The need for action in 31 

redressing groundwater dependence was made clear by India’s commitment through the Paris 32 

Pact on Water and Climate Change Adaptation to improve groundwater management as a 33 

means of improve climate resilience (UNFCCC, 2015), and commitment by the Indian 34 
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Government at the World Bank to a $1bn National Groundwater Management Improvement 1 

Plan (World Bank, 2017). 2 

 3 

Over recent decades, Indian agriculture has diversified into higher value products, offering 4 

significantly increased returns on inputs (Shah 2009). This includes a shift towards dairy 5 

farming instead of rice production. The result has been a declining rate of growth in staple 6 

crops, while the population continues to grow. These trends have led Gadgil and Gadgil 7 

(2006) to note a potential threat to food security, while conversely, Cagliarini and Rush 8 

(2011) highlight opportunities to improve yields and reduce supply chain waste by up to 9 

40%, as a means of maintaining supply with lower national production. At the same time, 10 

development pressures and a desire for increased wealth are seen to push farmers into 11 

focusing on maximising income opportunities, which, as Briscoe and Malik (2006) note, are 12 

most effectively pursued outside agriculture. Agriculture in India is therefore facing a tension 13 

between investment in water and agricultural productivity, a desire for lower risks and higher 14 

returns, and the continuing potential for losses caused by extreme rainfall events (Garrick and 15 

Hall 2014, Dadson et al. 2017, Sadoff et al. 2015). 16 

 17 

In addition to diversification within the agricultural sector, diversification of overall state and 18 

national economies away from agriculture is often cited as a key means to buffer growth 19 

against environmental variability. Grey and Sadoff (2007) for example argue strongly for the 20 

need for investment and growth in sectors besides agriculture to enhance overall economic 21 

growth and thereby allow for continued investment in water security. The evidence for India 22 

however is that economic diversification has not buffered the national economy from 23 

hydroclimatic variability. Virmani (2004) explains that economic diversification has resulted 24 

in a buffering of hydroclimatic impacts on the supply side of the economy. The supply side of 25 

the economy captures the production of goods and services; as the relative economic 26 

contribution of agriculture declines, the economy is hypothesised to be less impacted by 27 

hydroclimatic variation. However, given the high percentage of the population still engaged 28 

in agriculture (Mooley et al., 1981), a reduction in earnings of those dependent on agriculture 29 

continues to impact on the purchasing power of a large proportion of that population. This 30 

impact is despite the reduced relative contribution of agricultural production (supply) to the 31 

economy as a whole. Therefore, Mooley et al. suggest that the decreased impact on the 32 

supply side of the economy appears offset by impacts on the demand side. Whilst noting the 33 

decline in agricultural importance of GDP, Gadgil and Gadgil (2006) assess that the 34 
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economic impact of drought to the Indian economy are relatively constant throughout the 1 

period 1951-2003, at between 2-5% of the GDP, with above average rainfall enhancing GDP 2 

on average about 1.2%. They argue that a possible explanation for the dichotomy between 3 

declining agricultural importance and continued drought sensitivity is that purchasing power 4 

of the agricultural population has become increasingly important in continuing propagation of 5 

drought impacts across the economy as a whole.  6 

 7 

In parallel to these agricultural changes, there have been wider changes within the state and 8 

national economies as a whole, and uncertainty over the impact of these changes on growth 9 

rates. The literature debates whether a period of higher growth, based on improved resilience 10 

to agricultural shocks on rainfall, commenced after reforms towards economic liberalism in 11 

1991-92 (Briscoe and Malik 2006), or whether a statistically significant break point in 1980-12 

81 marks a new trend in the economy. This earlier date is associated with the re-election of 13 

the (liberal) Congress party and the promotion of a pro-business agenda (Virmani, 2006; 14 

Sinha and Tejani 2004; Kohli 2006). Structural adjustment and poverty reduction drives 15 

during the 1980s and 1990s add a further compounding factor to growth patterns (Dreze and 16 

Sen, 2013). While wider national economic policy has an impact on growth rates, at the 17 

aggregate national level its effect has proven challenges to identify, adding a further layer of 18 

complexity to the analysis of rainfall impacts on growth.  19 

 20 

This section has analysed key characteristics of India’s natural and economic environment 21 

and changes during recent decades, highlighting debates in the literature over trends and 22 

causality. The next section draws together key themes and debates, and lays out the 23 

hypotheses related to growth, rainfall and buffering mechanisms investigated in this paper. 24 

 25 

3. Research gaps and hypothesis 26 

While national-level analyses have been carried out into the relationship between rainfall and 27 

economic growth, there has, to-date, been no state-level analysis. Such a finer spatial and 28 

political resolution enables further interrogation of trends over time. In particular, while an 29 

overall Continuous Correlation, i.e. constantly statistically significant relationship between 30 

rainfall and growth, is observed in the literature for India, the opportunity is presented to 31 

understand which states exhibit correlation, which do not, and how and when the nature of 32 

any relationship changes over time.  33 
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 1 

Rainfall itself is not necessarily the most effective indicator to understand full economic 2 

impact of hydroclimatic variability. Previous studies (Sadoff et al., 2015; Brown and Lall, 3 

2006, Brown et al 2013) have argued that runoff represents an important proxy for the water 4 

available for economic production, and for damage under flood conditions. However, runoff 5 

does not necessarily represent variations in rainfall water for agriculture (which is better 6 

represented by a soil moisture metric) or groundwater availability. The relationship between 7 

rainfall, and opportunity or loss to the economy is highly heterogenous and complex. For 8 

India publicly-available surface water data is limited, and resulting data sets have required a 9 

degree of abstraction, including through the use of gridded re-analysis derivations. 10 

Furthermore, scientific and political discourse on climate and economic growth in India has 11 

tended to be focused on rainfall as the key input variable. Therefore while recognising this 12 

complexity, and the need to bound this initial analysis, this study focuses solely on rainfall, 13 

given the duration of rainfall data at the same state scale as available economic data and in 14 

the interests of minimal data transformation.  15 

 16 

The first hypothesis under consideration is therefore as follows:  17 

1) The nature of the correlation between rainfall and economic growth varies across 18 

states in India and trends also vary over time. 19 

 20 

Expanded irrigation, particularly with groundwater, has led to rapid growth in agricultural 21 

outputs and independence of farmers from state bureaucracy. Shah’s (2009) argument of 22 

yield gains and resilience to drought due to irrigation investment, suggest that states with 23 

higher proportion of irrigated lands should exhibit lower correlation between growth and 24 

rainfall. Groundwater would be expected to exhibit greater inter-annual stability than rainfall. 25 

Therefore states that are now heavily dependent on groundwater-fed irrigation should, 26 

accordingly, be expected to have a lower sensitivity to rainfall variation, even if this buffering 27 

is threatened by increasing groundwater overdraft. Wetter states, with consequentially less 28 

crop water deficit, might be expected to be less impacted by inter-annual reductions in 29 

rainfall, and therefore exhibit lower tendency for economic sensitivity to rainfall variation.  30 

This leads to a further three hypotheses related to irrigation and water availability: 31 

2) Mean annual rainfall is related to the tendency for rainfall and economic growth to 32 

be correlated;  33 
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3) State-level increase in irrigated agricultural areas reduces the correlation between 1 

rainfall and economic growth; and 2 

4) The greater inter-annual stability of groundwater buffers state economic growth 3 

from rainfall. 4 

 5 

Arguments in the development literature on the correlation between rainfall and growth, 6 

particularly drought, imply that growth and development is hindered through water-related 7 

shocks (Bosworth et al., 2007, Barrios et al., 2010, Brown and Lall, 2006, Brown et al. 2013). 8 

Brown et al (2013) provide modelled evidence for a sample of 180 countries that a 1% 9 

increase in drought-stricken area results in a 2.7% reduction in per capita GDP. Over the 10 

longer term however, the argument for costs caused by droughts (and floods) may neglect 11 

rebound effects post-drought, and the increased economic activity associated with recovery 12 

from shocks. Evidence for these stimulus effects of climate shocks on growth are presented 13 

by Skidmore and Toya (2002). However the argument of increased growth can also be 14 

considered an example of Bastait’s (1874) Broken Window Paradox. Bastait postulates that 15 

while investment to rectify damage appears to stimulate the economy, if that damage had not 16 

occurred, it is likely that the money would have been spent or invested in other ways to 17 

further growth and development.  Additionally, attention needs to be paid to relative wealth 18 

and differences in initial conditions for growth that could also be a factor in impacting 19 

economic trajectories. A state-level analysis therefore provides the opportunity to assess 20 

whether correlation of growth and rainfall is associated with lower levels of growth compared 21 

to non-correlated cases. This leads to the fifth hypothesis: 22 

5) correlation between rainfall and economic growth constrains overall growth rates 23 

of states. 24 

 25 

The reduction in the relative importance of agriculture to the state economy, i.e. economic 26 

diversification away from agriculture and water-dependent sectors, is often cited as a means 27 

for economies to buffer themselves from the impact of drought (Carrão et al. 2016, Grey and 28 

Sadoff 2007). With a larger proportion of a state or national economy not directly input-29 

dependent on rainfall and water availability through agriculture, the impact of inter-annual 30 

changes in rainfall on national (or state) economic growth should be reduced. However the 31 

evidence discussed above by Gadgil and Gadgil (2006) is that diversification away from 32 

agriculture has not increased economic resilience also warrants further investigation at state 33 
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level, to understand whether the economic role of agriculture has been lower where states 1 

exhibit no historic sensitivity to rainfall. This leads to the sixth hypothesis: 2 

 6) economic diversification away from agriculture buffers economic growth from 3 

rainfall variation. 4 

 5 

 6 

 7 

 8 

4. Data and methodology 9 

This section discusses the selection and processing of data used in the analysis, and the 10 

regression methodology used to analyse state behaviour and change over time. 11 

 12 

Economic Data 13 

The long term economic data used in our analysis is the EPW (Economic and Political 14 

Weekly) Research Foundation (2009) state-level data covering annual total and sectoral 15 

economic size and population, derived from official national and state records. There are a 16 

number of limitations associated with this data (including comparability over the long term, 17 

discussed later) but, importantly, as with many developing economies, subsistence agriculture 18 

is, by nature, absent from official economic figures (Dinar et al., 1998). It is likely that the 19 

absence of this economic component, covering the poorest and most economically and 20 

biophysically vulnerable, will tend to mask the impact of rainfall on state economic 21 

productivity. 22 

The EPW Foundation economic data comprises time series for all states going back, in most 23 

cases, to 1961. The data is divided into discrete baseline sets, reflecting the revision (or re-24 

baselining) of the economy every 10-15 years to better reflect and capture the makeup of the 25 

state economy. Each new baseline captures more of the economy, and is therefore larger in its 26 

first year than the previous baselined series. The data presented by the EWP foundation 27 

include total Net State Domestic Product (NSDP), Agricultural Net State Domestic Product, 28 

and population. The following time series are provided: 29 

 1961-1970 (baseline1948-9) 30 

 1970-1986 (baseline 1970-71) 31 

 1980-1999 (baseline 1980-81) 32 

 1993-2006 (baseline 1993-94) 33 
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 1999-2008 (baseline 1999-00) 1 

 2 

Data from 2007 to 2014 was obtained from the Indian Government Open Data Platform 3 

(2015), allowing analysis up to the 2012 limit of rainfall data (discussed below). NSDP data, 4 

which accounts for capital depreciation, forms a longer time series than Gross State Domestic 5 

Product, where data is only available from 1980. 6 

 7 

Due to changes in NSDP methodology at each baseline, it is impossible to reconstruct 8 

properly a comparable historic time series. Annual growth rates can be derived directly from 9 

the data. However, in order to compare growth over the longer term, the discrete time series 10 

need combining into a single dataset, referenced to the same year. The methodology of 11 

retropolation (backcasting) was used as it preserves the inter-annual intervals in the data, at 12 

the expense of ignoring inherent errors contained in the older series, namely measuring less 13 

of the actual economy (de Le Fuente, 2003; de La Escousura, 2014). The method involves 14 

lifting (or lowering) a complete time series such that it scales with a previous (or subsequent) 15 

series. All the time series were rescaled to 1980-81 baseline time series, as this was the 16 

longest continuous time series provided in the EPW data. The splicing was carried out in the 17 

following manner 18 

 19 

Y’t-1,…,n = Yt-1,…,n*(Xt/Yt) 20 

 21 

Where Xt and Yt are overlapping years from the two series, and Y’t-1 is the rescaled earlier 22 

time series. Due to slight differences in the impact of new economic baselines between each 23 

state, every state was rescaled individually at each rescaling. Rather than splicing the 24 

agricultural series separately, Agricultural NSDP was calculated for the retropolated time 25 

series based on the agricultural percentage of total NSDP in the original data. Inter-annual 26 

growth rate was then recalculated from the new time series’.  27 

 28 

Rainfall data  29 

While state-wise rainfall data is crucial for comparability with economic data and other 30 

aggregate state indicators, it masks considerable internal variation within some individual 31 

states, presenting a potential constraint to identifying rainfall-growth relationships. In the 32 

particular case of  Maharashtra, rainfall varies from over 4000 mm/yr at the coast to 40 33 

mm/yr in the rain shadow of the Western Ghats (Figure 4). In a case like this, it is possible 34 
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that aggregating rainfall and economic behaviours at the state-level does not capture crucial 1 

sub-state relationships.  2 

 3 

 4 
Figure 4 – Annual Rainfall (mm/yr) from 1997-2006 over India. Illustrative data from 5 

TRMM database, collated by Mulligan (2006), showing 15 states analysed in this study. Map 6 

borders and data mask USGS/Esri. NOTE: TRMM derived-data was used in the absence of 7 

accessible IMD gridded products. It is noted that global gridded data sets have been assessed 8 

to under-represent actual rainfall values especially on the west coast, compared to IMD 9 

Gridded data products, although differences are in the order of +/-50mm/yr elsewhere 10 

(Rajeevan et al. 2006), and spatial distribution of gridded global data is regarded as 11 

acceptable (Rajeevan et al. 2005). 12 

 13 

The data chosen for the analysis is the Indian Meteorological Department (IMD)’s monthly 14 

subdivisional rainfall series dating back to 1951, aggregated by meteorological subdivisions 15 

Maharashtra 

 Bihar 

Haryana 

Assam Uttar Pradesh 

Rajasthan 

Punjab 

West  
Bengal 

Orissa 

Tamil Nadu 

Madhya Pradesh 

Karnataka 

Gujarat 

Andhra Pradesh 

Rainfall 
mm/yr 
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that generally follow state boundaries. The largest states are split into multiple subdivisions, 1 

while the smaller states are combined into a single subdivision. To obtain average rainfall for 2 

states comprising multiple subdivisions, state-wise rainfall was calculated based on the area 3 

weighting of subdivisions to each state, following the method of Mooley et al. (1981). GIS 4 

area intersections were used to determine the relative contribution of each subdivision to state 5 

total area.  6 

 7 

The Hydromet subdivisions were computed in ARC-GIS using boundaries from the Global 8 

Administrative Areas Database (GAAD) 9 

(http://biogeo.ucdavis.edu/data/gadm2/shp/IND_adm.zip available via gadm.org). This 10 

included national, state, district and sub-district levels, last updated in 2012, with Hydromet 11 

subdivisional boundaries informed by data from the Centre for Ocean-Land-Atmosphere 12 

Studies (COLA) (George Mason University). Hydromet subdivisions have been altered as 13 

state boundaries have changed, and the IMD data used the more recent subdivisions, with 14 

Figure 5 showing the intersections used to compute the rainfall data in this paper. The rainfall 15 

for each state was then calculated as a percentage deviation from state long term average 16 

(1951-2012). The use of percentage deviations from average allow the relative impact of 17 

changes in rainfall to be understood, and provide standardisation of methodology across 18 

states with very different average rainfall patterns. 19 
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 1 
Figure 5 – Map showing Indian sates (thick lines) and Hydromet subdivisions (thin lines) 2 

(Data: India Meteorological Department). 3 

 4 

 5 

Additional data  6 

The conceptual model of rainfall/growth relationships assumes that growth will be impacted 7 

in flood years. However, there is limited long-term systematic data on state-wise flood 8 

impact. Attempts to qualitatively identify flood events through media reporting over the past 9 

10-15 years for flood-prone Bihar showed no direct correlation between total annual rainfall 10 

and any economic signal due to flood losses. The challenge of incorporating flood years into 11 

the analysis was further compounded by the cross-border nature of flooding, namely flood 12 

damage often being caused by rainfall outside the state, or through infrastructure failure not 13 

directly related to large proximate rainfall events (e.g. the embankment breach above Kosi 14 
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dam causing the catastrophic 2008 Bihar floods). Additionally, temporal spill-over effects of 1 

floods to subsequent years are not captured in the data, meaning that lagged effects on growth 2 

cannot be reliability accounted for. 3 

 4 

The Central Water Commission data on flooding (Government of India, 2013) provided a 5 

long-term record of flood impacts from 1951 to 2011, with comprehensive annual data 6 

covering area impacted, population affected, damage to crops, damage to homes, cattle lost, 7 

human lives lost, and financial damage (sum of crops, homes and utilities). Given the 8 

incomplete nature of financial damage (including failure to account for business impacts, nor 9 

financial quantification of animal losses), two indicators were chosen to represent flood 10 

damage: i) ‘total damage’ (rescaled to constant 1980 lakh (105) rupees), with damage 11 

recalculated as a percentage of state NSDP and; ii) the ‘population impacted’, calculated as a 12 

percentage of total state population. This combination of indicators means that indirect 13 

monetary losses due to human impact (i.e. reduced purchasing power and market access, as 14 

well as an indication of subsistence farming impact) were also incorporated, albeit indirectly. 15 

A ‘flood year’ was then defined as either damage and/or human impact being greater than 16 

one standard deviation above the average flood impacts for the state (including years of zero 17 

damage). The result was an exclusion of between 1 in 5 and 1 in 10 years from the linear 18 

regression analysis subsequently carried out. 19 

 20 

In addition to flood years, Certain extreme economic data points were excluded. These were 21 

removed on the basis of being more than three standard deviations from the mean growth for 22 

the entire state time series. Most of the excluded points were in the agricultural time series. 23 

Additionally, one year from Bihar was excluded as it included a jump of 43% of NSDP due 24 

to changes in calculation between two spliced time series, the only time when such a large 25 

jump was recorded in spliced years. Excluded years are shown in Table 2 26 

 27 

 28 

 29 

 30 

 31 
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Excluded years from Regression  

 Flood Years 
Statistical 
Outliers 

Andhra 
Pradesh 

1969-70, 1976-77, 1977-78, 1983-84, 
1986-87, 1989-90, 2006-7 

1988-89 (Ag 
growth only) 

Assam 

1982-83, 1984-85, 1986-87, 1989-90, 
1987-88, 1988-89, 1993-94, 1995-96, 
1998-99, 2002-3, 2004-5, 2007-8  

Bihar 
1971-72, 1974-75, 1975-76, 1976-77, 
1978-79, 1987-88, 2002-3, 2004-5 

1970-71 (Ag 
Only – Splicing 
jump) 

Gujarat 

1970-71, 1973-74, 1975-76, 1975-76, 
1976-77, 1979-80, 1982-83, 1983-84, 
1996-97  

Haryana 
1967-68, 1968-69, 1976-77, 1977-78, 
1978-79, 1983-84, 1988-89,   

Karnataka 

1964-65, 1971-72, 1978-89, 1981-82, 
1982-83, 1986-87, 1987-88, 1988-89, 
1989-90, 1990-91, 1991-92, 1993-94,   

Kerala 
1985-6, 1986-87,1989-90, 1991-92, 
1992-93, 1997-98  

Madhya 
Pradesh 

1969-70, 1973-74, 1978-79, 1982-83, 
1994-95, 2006-7 

1967-68 (Ag 
growth only) 

Maharashtra 
1970-71, 1983-84- 1984-85, 1989-90, 
1994-95,  

1973-74 (Ag 
growth only) 

Orissa 
1972-73, 1974-75, 1982-83, 1985-86, 
1986-87, 1990-91, 1991-92,    

Punjab 1985-86, 1988-89, 1993-94, 1995-96,   

Rajasthan 

1972-73, 1973-74, 1977-78, 1978-79, 
1979-80, 1981-82, 1994-95, 1995-96, 
1998-99,  

2003-4 (Total 
and Ag growth) 

Tamil Nadu 
1972-73, 1973-74, 1977-78, 1979-80, 
1983-84, 1984-85, 1985-86, 1992-93,   

Uttar Pradesh 

1971-72, 1973-74, 1976-77, 1978-79, 
1980-81, 1981-82, 1982-83, 1983-84, 
1985-86, 1988-89,   

West Bengal 

1968-69, 1969-70, 1970-71, 1971-72, 
1978-79, 1984-85, 1986-87, 1987-88, 
1995-96, 1999-00, 2000-1  

Table 2 – data points excluded from regression calculations due to statistically identified 1 

flood years or statistical growth outliers. 2 

 3 
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Data on irrigated area extent and groundwater contribution was derived from the district-level 1 

data in the ICRISAT (2012) database. The analysis used data on net cropped area and net 2 

irrigated area to establish how much of a state’s cultivated area was under irrigation. This 3 

database spans the time period 1966 to 2009, and covers a total of 18 states, including the 15 4 

analysed in this paper. Employment data analysing the percentage of working population 5 

engaged in agriculture, was sourced from a document by PRS Legislative Research, (2013). 6 

 7 

Analytical Methodology 8 

When presented as a visual plot of rainfall and growth data, a number of states exhibited a 9 

clear relationship between the two variables. The case of Gujarat is shown in Figure 7 below 10 

with R-squared values for correlation of rainfall with total economic output and agricultural 11 

output over the 1961-2012 period of 0.468 and 0.524 respectively. 12 

 13 

 14 

 15 
 16 

Figure 7 – Plot of rainfall (deviation from mean) and annual NSDP and Agricultural NSDP 17 

growth for Gujarat. 18 

 19 

 20 

The core methodology used in this paper to understand the relationship between annual 21 

variations in rainfall and changes in economic growth is a linear regression between the two 22 

variables, using a simple bivariate analysis between annual rainfall deviation from the mean 23 

and economic growth. A first analytical step was to run linear regression calculations on the 24 

entire available time series. This identified some potentially significant relationships between 25 

rainfall and growth, and other cases with no apparent or not statistically significant 26 

relationships. In order to test the strength of the relationships over time, and assess any 27 
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changes in the nature of the relationship, a 25 year trailing moving window linear regression 1 

analysis was subsequently carried out. This showed the extent of stability of the regression 2 

relationship throughout the available time data. In the cases where the regression transitioned 3 

from significant (p>0.95) to non-significant, change points were identified by the time when 4 

the correlation ceases to be significant and this change is sustained throughout the remaining 5 

data. The following section examines the results of these regressions, the behaviour 6 

identified, and the investigation of the other hypotheses presented earlier in this paper. 7 

 8 

 9 

5. Results and Analysis 10 

5.1 Correlation behaviour 11 

Hypothesis 1 appears to be supported by the evidence, that there are different statistically 12 

significant behaviour evident for rainfall-growth relationships across Indian states, including 13 

instances where the relationship changes over time. 14 

 15 

The following three types of relationships were identified for the 15 states analysed, based on 16 

the trends in statistical significance of rainfall-growth relationships over time:  17 

 18 

• Continuously Correlated – a generally statistically significant relationship between 19 

rainfall and economic growth from 1961 to 2012, without sustained departure from 20 

statistical significance.  21 

• Never Correlated – no statistically significant relationship between rainfall and 22 

economic growth observed from 1961-2012. 23 

• Decayed Correlation – a transition from a statistically significant correlation to a non-24 

significant relationship. 25 

 26 

 27 

Continuously Correlated.  28 

Six states exhibit statistically significant Continuous Correlated relationship throughout the 29 

available data period (Figure 8). The relationship is constantly significant for Andhra 30 

Pradesh, Gujarat, Madhya Pradesh, Rajasthan, and Tamil Nadu. All have large dry or desert 31 

areas. The sixth Continuously Correlated state, Orissa, experiences some periods where the 32 

relationship is not significant at 95%, but this is transitory, and agriculture remains 33 
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significantly correlated throughout. Interestingly, Andhra Pradesh exhibits periods of decayed 1 

correlation of agricultural growth, while NSDP as a whole remains correlated. This appears 2 

counter-intuitive, given that, as argued in the literature, agriculture is the primary driver of 3 

transition of rainfall variation through the economy. 4 

 5 

Never Correlated 6 

Five states, Assam, Kerala, Maharashtra, Punjab and West Bengal, are denoted Never 7 

Correlated, given that there is no statistical relationship between rainfall variation and 8 

economic growth observed with available data. Neither total nor agricultural NSDP have 9 

robust sensitivity to inter-annual rainfall variation. These five states all are geographically 10 

heterogeneous, comprising highland and coastal areas, and diverse in terms of size and 11 

wealth, but most (except Punjab) have relatively high and reliable rainfall. There are 3 years 12 

towards the early part of the time series where some significance is shown for Maharashtra, 13 

but this is not deemed sufficient to establish correlated behaviour.  14 

 15 

Decayed Correlation 16 

Bihar, Haryana, Karnataka and Uttar Pradesh all exhibit Decayed Correlation, from a 17 

statistically significant correlation to a non-significant relationship (Figure 9). There is 18 

diversity in the environmental and economic circumstance of these states, which could 19 

indicate a multiplicity of factors influencing observed trends. Bihar and Uttar Pradesh are 20 

large, poor floodplain states, with low-value irrigation and frequent flooding. Haryana by 21 

contrast is dry, but receives significant economic spill-overs from Delhi. Karnataka is 22 

geographically diverse, with a dry interior, but a rapidly modernising economy. 23 

 24 

Bihar and Haryana’s NSDP correlation decays to insignificance quite cleanly in the mid-25 

1990s. This would appear to coincide with the timing of the economic liberalisation noted in 26 

the early 1990s. The statistical changes do not appear to be influenced by the break point of 27 

the early 1980s discussed in the literature above. For Bihar, agricultural correlation is not 28 

significant at 95% for the first part of the data series, before obtaining significance, and then 29 

losing it just slightly prior to the total economy correlation decay. A partial explanation for 30 

this behaviour may be due to discontinuities in the data; Bihar is one of two states (along with 31 

Assam) for which there is notable discontinuity in Agricultural NSDP between baseline 32 

series, with a jump of 42% from 1969 to 1970, associated with the new measurement 33 

methodology of economic growth. It is further noted that monitoring and reporting for Bihar 34 
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may be impacted by its history of political turbulence and administrative challenges, see for 1 

example Rai and Pendey, 1981. 2 

 3 

Haryana sees the correlation of the agriculture sector decays about four years before the 4 

economy as a whole. As with Bihar, these behaviours appears counterintuitive; a potential 5 

mechanism to explain this behaviour might be the idea that investment in reducing 6 

agricultural risk, thereby increasing the role of water as a factor of production, can impact the 7 

economy as a whole.  8 

 9 

By contrast, for Uttar Pradesh, the sensitivity of the total economy exhibits Decayed 10 

Correlation before the agricultural economy; the agricultural trend as of 2010 is still 11 

significantly correlated. Karnataka represents a less stable trend, with a small number of 12 

correlated years observed in an otherwise decayed correlation series, although too few for 13 

statistically robust insights on behaviour. The agricultural economy resumes correlation in 14 

2002, and remains significantly impacted by rainfall. The case of Karnataka demonstrates 15 

that a decay of correlation between rainfall and growth is not necessarily an irreversible 16 

process. It also shows however that, as with Uttar Pradesh, the economy as a whole can 17 

exhibit decayed correlation while agriculture remains sensitive to rainfall variation. There 18 

therefore appear to be a number of different permutations of sequencing and likely causality 19 

behind a decayed correlation. 20 

 21 

Importantly, the indicative break points for the states do not coincide with any of the NSDP 22 

time series re-baseline years.  Therefore, it is unlikely that re-baselining and accompanying 23 

new economic measurement methodologies has influenced the emergence of decayed 24 

correlation trends. For Bihar and Haryana, the statistical significance of the correlated 25 

relationship of NSDP decays in the late 1990s, well after the 1993/4 re-baselining. For 26 

Karnataka, the first instance of decayed correlation is towards the end of the 1980 baseline 27 

series (in 1990), while Uttar Pradesh’s decayed correlation is in the middle of the 1999-2007 28 

baseline series. 29 

 30 

Bihar is the poorest of the states analysed. With agriculture leading the apparent decayed 31 

sensitivity, it is postulated that increases in agricultural growth from a very low baseline are 32 

driving increases in income at a scale much greater than previous variations due to rainfall. 33 

Both Bihar and Uttar Pradesh have two of the lowest NSDP/capita of all states, and also, as 34 
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of 2004/5, some of the highest rates of state poverty, at 54% and 41% (Open Government 1 

Data Platform 2013b) respectively. It is therefore possible these states are in a low-level 2 

equilibrium trap (Dadson et al., 2017), with rainfall-related losses continuing despite, or 3 

indeed because of infrastructure and other investments in water security; water related 4 

investments may act to increase the assets at risk of loss or damage in extreme rainfall years. 5 

The mechanisms and possible causalities being the correlation between rainfall and growth 6 

must therefore be viewed in the specific contexts of the states. 7 

 8 

The potential for a low-level equilibrium trap may be especially pertinent for Bihar, which is 9 

the only state to exhibit a nascent inverse-correlation between rainfall and growth, suggesting 10 

exposure and losses of a growing asset base to high rainfall events. It is therefore the only 11 

state to fully conform with the conceptual model in Figure 3.  As Figure 10 illustrates, 12 

regression of the five identified flood year results weaken inverse correlation, on the cusp of 13 

statistical significance with a p value of 0.054. The two largest flood years of 1971-2 with 14 

32% and 1987/88 with 25% above average rainfall, are associated with low or negative 15 

growth. While Bihar was the only state to statistically indicate economic sensitivity to 16 

flooding, it also illustrates the inherent weaknesses in assessing flood impact, and 17 

establishing relationships with rainfall occurrence. The 2008 floods in Bihar do not feature in 18 

the sample of excluded years (based on economic and population impact data), despite being 19 

reported as one of the worst in Bihar’s history. The 2008 floods were caused by an 20 

embankment failure on the Kosi tributary to the Ganges, just above the Kosi dam on the 21 

India-Nepal border, causing a very large release of water flowing across Bihar to the east of 22 

the embanked river. The event was therefore not related to high immediate rainfall nor a 23 

physical event within the borders of the state of Bihar. The flood event was therefore 24 

disconnected from the annual rainfall signature in Bihar, illustrating the challenges of linking 25 

economic flood impacts with state-wise rainfall. Haryana and Rajasthan also have statistically 26 

significant regression of flood years with p value of 0.017 and 0.029 respectively, however 27 

unlike Bihar, these are not inversely correlated, and do not therefore adhere to the conceptual 28 

model in Figure 3. 29 

 30 

  31 
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Key:           NSDP            Agricultural NSDP    34 
Figure 8 – Continuously Correlated states, as demonstrated by regression coefficient and p-35 

value for 25 year trailing moving window (x-axis marks the end year of the window) of 36 

rainfall variation against economic growth. 95% confidence intervals are shown (straight 37 

dotted line) in the P-value graphs. Solid line is total NSDP, dotted line is agricultural NSDP. 38 
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Key:           NSDP            Agricultural NSDP    39 
Figure 9 – Decayed Correlation states, as demonstrated by regression coefficient for 25 year 40 

trailing moving window (x-axis marks the end year of the window) of rainfall variation 41 

against economic growth. 95% confidence intervals are shown in the P-value graphs. 42 
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 1 

 2 
Figure 10 – Linear plot of rainfall and economic growth for Bihar, 1961-1996, with flood 3 

years plotted separately.  4 

 5 

To summarise the observed relationships, total regression statistics are shown for 6 

continuously correlated states (single regression calculation for 1960-2012), the correlated 7 

period of decayed correlation states (single regression calculation ending in decay year) are 8 

shown in the Table 3, below. This indicates that the regression coefficient for Agricultural 9 

NSDP is generally higher than NSDP, indicating a greater sensitivity to percentage deviation 10 

in rainfall from the average. Note due to a single statistic covering the entire correlated 11 

period, statistical strength of these relationships is weaker than the moving window analysis 12 

above.  13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 
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NDSP 
Coefficient 

NDSP      
R-
squared Timeframe 

Ag NDSP 
Coefficient 

Ag NDSP    
R-
squared Timeframe 

Andhra 

Pradesh 0.18 0.24 1961-2012 0.29 0.15 1961-2012 

Gujarat 0.24 0.47 1961-2012 0.58 0.52 1961-2012 

Madhya 

Pradesh 0.41 0.40 1961-2012 0.74 0.46 1961-2012 

Rajasthan 0.29 0.54 1961-2012 0.51 0.51 1961-2012 

Tamil Nadu 0.11 0.20 1961-2012 0.27 0.26 1961-2012 

Orissa/Odisha 0.27 0.22 1961-2012 0.48 0.24 1961-2012 

Bihar 0.26 0.35 1961-1996 0.53 0.34 1961-1995 

Haryana 0.12 0.26 1967-1999 0.24 0.31 1967-1999 

Karnataka 0.19 0.35 1961-1995 0.33 0.35 1961-1996 

Uttar Pradesh 0.15 0.23 1962-2003 0.29 0.31 1962-2003 

Assam -0.05 0.09 1971-2012 0.01 0.00 1971-2012 

Kerala 0.03 0.02 1961-2012 0.04 0.01 1961-2012 

Maharashtra 0.11 0.1 1961-2012 0.24 0.07 1961-2012 

Punjab 0.00 0.00 1961-2012 0.02 0.00 1961-2012 

West Bengal 0.01 0.1 1961-2012 0.05 0.00 1961-2012 

Table 3 – Table of regression statics for periods of correlation between growth and rainfall 1 

for Continuously Correlate and Decayed Correlation States. 2 

 3 

 4 

4.2 Factors that may influence correlation behaviours 5 

A number of indicators were further assessed against the three categories of state behaviour, 6 

to identify any underlying causes and impacts of the Correlated and Decayed Correlation 7 

trends. 8 

 9 

Rainfall 10 

Absolute rainfall volume tends to influence the extent of economic correlation to rainfall 11 

variation: drier states tend to be correlated, wetter states tend never to be correlated, and the 12 

decayed correlation states occupy middle range (Figure 11).  The three wettest states of West 13 

Bengal, Assam and Kerala have never experienced any correlation. This trend reinforces 14 

arguments in the literature that absolute water availability has a fundamental impact on 15 
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economic resilience (Sadoff et al., 2015). There is however a considerable range to the 1 

observed rainfall in each category, and overlap between all the categories. While rainfall is 2 

therefore likely to be influencing correlation, it is not robustly so, and there are other factors 3 

influencing economic sensitivity to rainfall. There is no statistical difference between the 4 

Decayed Correlation states and either of the other two categories. Only when Punjab is 5 

removed from the Never Correlated Sample (as an atypically dryer state dependent on water 6 

inflows from neighbours) is there a significant difference compared to the remaining 10 states 7 

in a one-tailed t-test (p=0.048). Hypothesis 2 is therefore statistically rejected, but would 8 

appear to be likely influential on the basis of qualitative assessment of wider circumstances in 9 

explaining why some states are Never Correlated. Rainfall does not contribute an explanation 10 

as to why the four Decayed Correlation states behave as they do. 11 

 12 

 13 
Figure 11 – Average rainfall per state, grouped according to Continuously Correlated 14 

(black), Decayed Correlation (grey) and Never Correlated (white). 15 

 16 

Irrigation area 17 

Table 4 shows the changes in average irrigated area between 1970 and 2000. The evidence 18 

shows clearly that Continuous Correlation states have the lowest percentage of irrigated area 19 

in both 1970 and 2000. Importantly, by 2000, the Decayed (or soon to decay) Correlation 20 

states have the largest irrigated areas, and have also experienced both the largest net and 21 

relative changes in irrigated area between 1970 and 2000. In particular, Decayed Correlation 22 

states, taken as a group, have doubled their irrigated area relative to area under cultivation, 23 
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but also have the largest percentage irrigation areas both in 1970s and 2000. The percentage 1 

irrigation expansion of decayed correlation states, as compared to all other states, is 2 

statistically different (one-tail t-test, P=0.04) 3 

 4 

When examined individually, aside from Karnataka, the remaining three Decayed Correlation 5 

states show a uniquely large expansion in irrigated area (Figure 12). Karnataka itself doubled 6 

its irrigated area from 13% to 25% between 1970 and 2000, although all states with less than 7 

15% irrigated area in 1970s experienced a doubling or greater of their irrigated area (as 8 

percentage of cultivated area) by 2000.  The data, while limited by a very small sample in 9 

each behavioural category, provides evidence that expanded irrigation area is associated with 10 

a state’s Decayed Correlation of economic growth from variation in rainfall. Hypothesis 3 11 

therefore appears to be supported, within the limits of available data, that irrigation expansion 12 

is related to Decayed Correlation between rainfall and economic growth. 13 

 14 

 15 

 Percentage of 

cultivated area 

under 

irrigation in 

1970 

Percentage of 

cultivated area 

under 

irrigation in 

2000 

Net 

Change  

Continuously 

Correlated 

20.4% 35.4% 14.8% 

Decayed 

Correlation 

30.7% 60.7% 30.0% 

Never 

Correlated 

28.9% 41.4% 12.2% 

Table 4 – relative irrigated areas and expansion between 1970 and 2000 by different state 16 

behaviours 17 

 18 



34 
 

  1 
Figure 12 – Expansion of irrigated area (as net percent of cultivated area) between 1970 and 2 

2000 (note: there is no ICRISAT irrigation area data available for Assam), grouped according 3 

to Continuously Correlated (black), Decayed Correlation (grey) and Never Correlated (white) 4 

 5 

Groundwater 6 

Table 5 shows the growing importance of groundwater to irrigation between 1970 and 2000. 7 

Hypothesis 4 asserted that groundwater, with its inherent inter-annual buffering, should act to 8 

reduce the impact of variation in rainfall on growth. The evidence does not support this. 9 

Continuously Correlated states have the highest dependence on groundwater in both 1970 and 10 

2000, with Never Correlated the lowest. The hypothesis relies on groundwater being a 11 

temporally more reliable supply. However data on aggregate groundwater contribution to 12 

irrigation does not discriminate between deep wells providing long-term storage, or shallow 13 

groundwater that includes annual recharge or seepage from canals and is therefore a resource 14 

that will be influenced by annual precipitation. The lack of further data on relative 15 

importance of deep or shallow wells means that it has not been possible to disaggregate those 16 

states where groundwater irrigation growth is supported by rainfall-sensitive resources. It is 17 

also expected that there is a degree of autocorrelation between states where surface water is 18 

less abundant (i.e. a tendency to be more vulnerable to variations in rainfall) and where 19 

groundwater is more heavily developed; it would be likely that states with more abundant 20 

rainfall will be less dependent on groundwater. Groundwater expansion may therefore be 21 

reducing the impact of limited surface water, but not providing a means to prevent 22 

correlation. Figure 13 provides a breakdown of relative contribution of groundwater to 23 
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irrigated area by state, demonstrating that the wettest states (West Bengal and Kerala) have 1 

the lowest reliance on groundwater. Note also that the trends for Never Correlated states are 2 

very diverse, encompassing both the lowest and some of the highest groundwater 3 

dependences. 4 

 5 

Further investigation of any groundwater impact would require a thorough analysis of data on 6 

groundwater depths, and seasonal drawdown, as well as geological information about aquifer 7 

properties to assess the temporal resilience of different groundwater contributions. The 8 

hypothesis that groundwater use buffers the economy from sensitivity to rainfall does not 9 

appear to be supported by the analysis. As noted above however, the groundwater revolution 10 

allowed independent, unregulated development of irrigated lands. Therefore, it is possible 11 

that any enhanced supply reliability is countered by over-development of agriculture and 12 

water resources. It is also possible that the assessment of groundwater-dependent agricultural 13 

areas are under-estimating true irrigation dependence; in states where charges are based on 14 

areas, farmers may be incentivised to under-report surface irrigation to reduce charging 15 

liabilities. There are no statistically significant differences between groundwater contribution 16 

or expansion of the three different behaviours, and Hypothesis 4 is therefore not proven, and 17 

groundwater cannot be considered a buffer to the influence of rainfall on growth. 18 

 19 

 20 

 Groundwater 

% contribution 

to irrigated 

area in 1970 

Groundwater % 

contribution to 

irrigated area in 

2000 

Continuously Correlated  38.0% 59.5% 

Decayed Correlation 35.3% 56.3% 

Never Correlated 30.4% 41.4% 

Table 5 – Groundwater contribution to irrigation 21 
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 1 
Figure 13 – Groundwater contribution to irrigated area (%) 1970 and 2000. 2 

 3 

4.3 Factors that may be influenced by correlation behaviours 4 

Growth Rates 5 

There is a large range of growth rates of the states sampled. The variance of growth rates in 6 

each behavioural category is such that differences between the categories are not statistically 7 

significant. There are however some indicative trends that are worthy of discussion, along 8 

with the compounding factors that pose challenges to understanding long-term economic 9 

impact. As a group, Continuously Correlated states grew at an average of 4.8% between 1961 10 

and 2007, Decayed Correlation states grew at 4.7%, and Never Correlated states at 4.4% 11 

(Figure 14). As of 2000, GDP/capita was highest in Never Correlated states, at 351 thousand 12 

rupees, lowest in Decayed Correlation states, at 210 thousand rupees, and 268 thousand 13 

rupees in Continuously Correlated states; this sequence was also apparent in 1970. 14 

 15 

The interaction between growth rates and per-capita income appears qualitatively interesting. 16 

Figure 15 suggest that the Never Correlated states have higher per capita NSDP relative to 17 

their average growth rates than other states. These trends indicate that while Continuously or 18 

Decayed Correlation states are growing faster on average than Never Correlated states, they 19 

are doing so from a much lower per capita income base.  20 

 21 

None of the categorisation of correlation differs statistically significantly in terms of growth 22 

rates or per capita income from the remaining sample, indicating that rebound effects in good 23 
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years are countering the impact of low rainfall in states which are, or have been, correlated. 1 

However the tendency for higher per capita incomes in Never Correlated States does suggest 2 

potential for a low-level equilibrium trap as postulated by Grey and Sadoff (2007) and further 3 

developed by Dadson et al. (2017). State economies currently or previously correlated with 4 

rainfall do appear to have lower per capita income, and while they are growing on average 5 

faster than Never Correlated states, are starting from a much lower income base.  6 

 7 

A further complication of the growth story is the lack of clear relationship between state 8 

income and the extent of agricultural and irrigation investment. Indian irrigation is supported 9 

by significant international financial flows, as well as the internal redistribution of funds 10 

across the country through national government investments in the five year planning cycles. 11 

Therefore, there may be an additional degree of buffering of growth impacts through the 12 

operation of the wider political structure of India, not accounted for in the conceptual model 13 

of Dadson et al. (2017). This arguably clouds the full picture of rainfall-related economic 14 

losses.  15 

 16 

Additionally, while the states have been analysed in this paper as distinct economic units, 17 

considerable interdependence exists between them. The role of trade and flows of products 18 

(including agricultural productions) between states, including in drought years to counter 19 

reduced domestic food production, will have an unknown impact on state economy as no 20 

record of such flows are kept by the authorities (Malik 2016, pers. comm.).  Cross-state trade 21 

can both mitigate the impact of reduced rainfall in a drought-state, and propagate drought or 22 

flood impacts to neighbouring states through reduced availability of products or 23 

infrastructure. Potential multi-variate regression, accounting for rainfall and growth in 24 

neighbouring states might provide an avenue to understand economic interdependencies 25 

between states, and potential transfer or mitigation of impacts between states, building on the 26 

single-state analysis explored in this paper. The picture presented by growth rates is therefore 27 

complex with those currently and previously correlated states actually growing the fastest, 28 

but from the lowest per capita starting points. Hypothesis 5 that sensitivity of the economy to 29 

rainfall acts as a constraint on growth is not statistically proven. 30 

 31 

It is noted however that the analysis only captures a 42-year window from 1970 to 2012, 32 

representing a particular moment in the development history of each state. Given the possible 33 

diversity of causalities behind the decayed correlation, it is postulated that some of the 34 
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instances of correlation decay, particularly in Bihar, may reverse as income increases and 1 

assets become more susceptible to loss. Further research will be necessary as additional data 2 

becomes available to understand whether a decay in correlation is permanent or transient. 3 

 4 

 5 

 6 
Figure 14 – Average growth rates 1961-2007 (the maximum extent of EPW 2009 data), 7 

grouped according to Continuously Correlated (black), Decayed Correlation (grey) and Never 8 

Correlated (white) 9 

 10 
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 1 
Figure 15 – Combined graph of average annual growth rates and NSDP/Capita in 2000. 2 

 3 

Economic Diversification 4 

The suggestions in the India-specific literature that diversification of the economy away from 5 

agriculture does not necessarily lessen the impact of rainfall variation on the economy as a 6 

whole is also supported by the rainfall-growth analysis, thereby disproving Hypothesis 6. All 7 

states exhibit a large decline in the importance of agriculture. In 1970, diversification away 8 

from agriculture might have appeared to be related to buffering from rainfall impact, with 9 

non-correlated states having, on average the lowest agricultural composition of the three 10 

categories. By 2004/5 however, all three categories of states have a very similar average 11 

contribution of agriculture to NSDP of between 23% and 24%. Of interest, Continuously 12 

Correlated states have, on average, the lowest agricultural contribution by 2004/5. The 13 

available economic data from the EPW foundation does not include disaggregated 14 

information on food processing industries and other economic activities in the food supply 15 

chain downstream of growers. If available in the archives, a detailed breakdown of 16 

agricultural makeup may enable the propagation of agricultural impacts across the economy. 17 

 18 

Employment patterns offer an important additional variable, especially as they demonstrate 19 

how population purchasing power might be impacted by rainfall variation. However, 20 
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employment trends also do not support Hypothesis 6 of diversification as buffering from 1 

rainfall. The employment data shows that by 2004/5 Never Correlated states have on average 2 

48% in agricultural employment, Decayed Correlation states 66% and Continuously 3 

Correlated 60%. The state-wise breakdown of employment (along with economic makeup) is 4 

given in Table 6. The difference between Never Correlated states and the remainder of the 5 

sample is significant (one tailed t-test, p=0.048).  The fact that Decayed Correlation states 6 

have changed their sensitivity to rainfall while maintaining an average of 66% agricultural 7 

employment calls into question the idea that high agricultural employment necessarily 8 

propagates hydroclimatic impacts throughout the economy. Bihar, exhibiting statistically 9 

Decayed Correlation, had an agricultural population of 76% in 2004/5, Uttar Pradesh 67%, 10 

Karnataka 64% and Haryana 55%. Given the different compositions of the non-agricultural 11 

economies across the states, along with different political cultures of the states, it is perhaps 12 

not surprising that transmission of agricultural shocks throughout the economy may vary. 13 

This observation invites further consideration of context when evaluating investments to 14 

buffer growth from rainfall variation.  15 

 16 

State Category 

Agriculture 
at 1970/1 
(% total 
NSDP) 

Agriculture 
at 2004/5 
(% total 
NSDP) 

Agricultural 
Employment 
2004/5 
(% total 
employment) 

Andhra 
Pradesh 

Continually 
Correlated 54% 24% 53% 

Gujarat 
Continually 
Correlated 43% 17% 62% 

Madhya 
Pradesh 

Continually 
Correlated 56% 29% 64% 

Rajasthan 
Continually 
Correlated 62% 30% 66% 

Tamil Nadu 
Continually 
Correlated 39% 12% 46% 

Orissa 
Continually 
Correlated 59% 24% 67% 

Bihar 
Decayed 
Correlation 44% 24% 76% 

Haryana 
Decayed 
Correlation 64% 25% 55% 

Karnataka 
Decayed 
Correlation 55% 19% 64% 

Uttar 
Pradesh 

Decayed 
Correlation 59% 31% 67% 
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Assam 
Never 
Correlated 40% 29% 71% 

Kerala 
Never 
Correlated 43% 14% 40% 

Maharashtra 
Never 
Correlated 26% 13% 45% 

Punjab 
Never 
Correlated 58% 36% 33% 

West Bengal 
Never 
Correlated 36% 23% 49% 

     
Continually 
Correlated 
(average)  52% 23% 60% 
Decayed 
Correlation 
(average)  56% 25% 66% 
Never 
Correlated 
(average)  41% 23% 48% 

Table 6 – State-wise breakdown of agricultural economic contribution (% annual NSD) and 1 

agricultural employment (% total employment) 2 

 3 

In light of these results, Hypothesis 6 is partially proven, but only for Never Correlated states. 4 

The evidence that economic diversification is not related to reduced rainfall sensitivity  for 5 

Decayed Correlation states provides state level evidence to support the national observations 6 

by Virmani (2004). However Virmani’s suggestion that demand side effects propagate 7 

rainfall sensitivity through a continued high agricultural employment is challenged by the 8 

continued high agricultural employment in Decayed Correlation states. This is especially so 9 

in in Karnataka and Uttar Pradesh, where agricultural NSDP remains correlated with rainfall 10 

but the total NSDP is no longer correlated. The question of mechanisms of propagation of 11 

hydroclimatic impacts across increasingly diversified economies is therefore worthy of 12 

further research at state level in India.  13 

 14 

 15 

6. Conclusions 16 

This paper set out to investigate the relationship between economic growth and rainfall across 17 

the 15 larger states of India totalling over 920 million people and equivalent to around 12% 18 

of the global population. The paper has further developed the methodology of Grey and 19 
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Sadoff (2007) for wider analytical application, and investigated the impact of hydroclimatic 1 

variability on India’s economy and the pathways by which states may have buffered 2 

themselves to hydroclimatic economic risk. In analysing India, a robust methodology has 3 

been developed that is effective for a range of economic and geographic contexts that 4 

encapsulates much of the global range of geographic and economic water security contexts 5 

from dry to flood prone, poor to rich. The work therefore establishes a methodology for 6 

analysis of static and changing rainfall-growth relationships using basic datasets with limited 7 

transformation. For India, it has identified three statistically robust behaviours: Continuously 8 

Correlated economic growth and rainfall variation throughout the available record, Decayed 9 

Correlation of economic growth from rainfall variation, and states whose economies are 10 

Never Correlated with rainfall variation.  11 

 12 

The analysis has shown there is a statistically significant relationship between major 13 

expansion in irrigation and economies in which the correlation between rainfall variation and 14 

economic growth has decayed. Groundwater does not appear to buffer economies from 15 

variability, with the most vulnerable states also the most dependent on groundwater. Contrary 16 

to the literature at the national scale, this state-wise analysis suggests that correlation of 17 

growth with rainfall variability does not appear to retard the average growth rate of 18 

economies (although this trend masks very different baselines, including per-capita income 19 

levels between states). The finding implies that economic shocks in drought years are 20 

countered by robust growth in post-drought years.  21 

 22 

Finally, the research has confirmed national trends that diversification of economies away 23 

from agriculture does not buffer the economy from drought. Contrary to the literature 24 

however, high agricultural employment does not appear to be a determinant of continued 25 

economy-wide sensitivity to rainfall variation. Further research into mechanisms by which 26 

rainfall events propagate from the agricultural economy to the non-agricultural economy is 27 

therefore needed. Additionally, further research is required into sub-state rainfall and 28 

economic trends, particularly the role of rainfall location in influencing economic impacts for 29 

particular drought and flood events. The unknown impact of spatial variation of effects across 30 

states, and the complexity of flood and drought effects invites further research at the sub-state 31 

level into how rainfall-growth impacts occur at this finer scale and affect aggregate state-wise 32 

results. 33 

 34 
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While there are noted methodological and data limitations, this paper demonstrates the 1 

significance of trends that emerge, and the diversity of behaviours exhibited, across India’s 2 

states. Statistically robust trends have been identified despite significant internal granularity 3 

below the state-level scale of analysis and data uncertainty (including changing economic 4 

measurement baselines) that would be expected to mask any relationships. However as the 5 

cases of Decayed Correlation have highlighted, it is possible that there are multiple factors 6 

explaining the changed relationship in different states. The impact of flooding events has 7 

proved challenging to isolate, partly because of limited data, and partly because of the spatial 8 

disparity between rainfall and flood occurrence. Importantly, this paper verifies and develops 9 

the application of methodologies for assessing past and continuing relationships between 10 

rainfall variability and economic growth. The methodology developed can be usefully applied 11 

across other national and sub-national cases to explore the relationship between rainfall and 12 

economic growth.  13 

 14 

  15 
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