Escaping Local Risk by Entering
Indentureship: Evidence from
Nineteenth-Century Indian Migration
Alexander Persaud
Of the millions of Indians who migrated internationally in the long nineteenth
century, over one million went as indentured servants in a massive SouthSouth migration. I test how price volatility in origin markets in India affected
out-migration under indentureship contracts from 1873–1916 to four major
destinations around the world. Using new, unique district-level flows calculated
from roughly 250,000 individual records, I show that indentureship take-up is
consistent with migrating to escape local price volatility.

A

s Timothy Hatton and Jeffrey Williamson point out, “South-South
migration is not new. It is just ignored by economists” (2002,
p. 25). They estimate that more than 50 million people left India and
China during the long nineteenth century leading up to WWI. Unlike
European migration, which may largely be characterized as free, many
Indians and Chinese migrated under bonded labor contracts. I focus here
on Indian indentureship, the contractual arrangement that facilitated the
migration of more than one million Indians to places as diverse as Fiji,
South Africa, and the Caribbean.
As historians have shown, the political economy of the British Empire
created the institution of Indian indentureship as a response to post-slavery
labor shortages (Adamson 1972; Tinker 1974; Lal 1980; Rodney 1981).
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Indentureship balanced a mix of interests in Britain, India, and various
colonies and led to a government-run monopsony. However, while this
institutional arrangement suited the needs of major stakeholders, the
economic underpinnings of indentureship recalled slavery. In the initial
Parliamentary debates over its passage, future Prime Minister Lord John
Russell expressed concern about a “new system of slavery” (Accounts
and Papers, p. 43). In Mauritius, early ordinances to control indentured servants were so harsh and “tending so decidedly to reduce him
[an indentured servant] to the level of a slave that they were disallowed
by His Majesty in Council” (Geoghegan 1873, p. 3). Mohandas Gandhi
first emerged as an activist amongst the Indian indentured community in
South Africa and campaigned strongly against the institution of indentureship there and in India.
I hypothesize that Indians chose to enter indentureship as a riskmitigation mechanism to smooth consumption over time in response
to local uncertainty. Indian indentureship was a government enterprise
between India and recipient colonies. Unlike indentured servitude in
early colonial America, in which private parties negotiated contracts
and terms reflected the quality of laborers (Galenson 1981) and markets
could adjust after contract signing to reflect arbitrage opportunities
(Grubb 1985), the contracts used in Indian indentureship flattened the
wage structure and required legislation in both India and the recipient
colony to change. These contracts lasted for multiple years, specified a
wage in advance for the duration of the contract, did not differentiate
workers except by age and sex (adult males vs. adult females vs. children), and covered transportation costs. The built-in stability offered by
these contracts contrasted with economic uncertainty in India. I measure
this by comparing district-level outflows against measures of rice price
volatility.
Previous work in economics on Indian indentureship is sparse. David
Galenson (1984) hypothesizes that Indian indentureship emerged in
the nineteenth century due to high transportation costs between India
and the Caribbean. This ignores the institutional history underpinning
indentureship, ignores colonies closer to India, and does not examine
the push factors. Work by Lance Brennan, John McDonald, and Ralph
Shlomowitz (1994, 1998, 2003) use data from Fiji and other colonies to
quantify changing heights over time. However, they, too, do not examine
push factors. Indian indentureship plays a role in understanding the political economy of labor coercion in the British Caribbean for Christian
Dippel, Avner Greif, and Daniel Trefler (2017), but their focus is within
the Caribbean rather than on India.
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Closer evidence comes from intra-India indentureship. Bishnupriya
Gupta and Anand Swamy (2017) examine how reputations and information about contracts affected intra-Indian indentured migration to Assam.
They focus on recipient districts in Assam and find that workers opted
into more coercive contracts when misled or poorly informed by labor
recruiters. This form of intra-India indentureship, akin to the overseas
indentureship I study in this article, still differed by having more avenues
for private recruitment and a looser administrative structure.
Previous scholarship on bonded labor more generally has studied
height and selection (Kosack and Ward 2014), location and selection
(Abramitzky and Braggion 2006), the effects of recipient-market policies (McKenzie, Theoharides, and Yang 2014; Naidu, Nyarko, and Wang
2016; Clemens, Lewis, and Postel 2018), contract enforcement (Naidu
and Yuchtman 2013), and the demand for bonded labor (Acemoglu and
Wolitzky 2011). However, to my knowledge, no previous work has
studied the role of price volatility.
I outline a model of migration choice with two markets, one with a
bonded labor contract and one with free labor. To test the model’s implications for migration from volatile districts to a stable-contract alternative, I trace roughly 250,000 individuals leaving India from 1873–1916
to their home districts and map on prices and measures of volatility to
create a district-level panel dataset spanning several decades. These rely
on new, unique, individual-level microdata assembled for the first time
for this project.
My findings are broadly consistent with the use of indentureship as a
risk-mitigation device against volatility. First, higher volatility is associated with a significantly higher probability of a district sending at least
one indentured migrant. Second, volatility operates on the intensive
margin, too, and raises the number of indentured servants from a given
district. There is suggestive evidence that districts with more volatility
sent indentured servants to colonies with more contractual guarantees,
and the results overall hold when controlling for chain migration.
In addition to using a new, novel data set on the understudied
economic history of South-South migration, this article also speaks to
more contemporary issues in development economics related to volatility and subsistence economies. Seema Jayachandran (2006) shows that
volatility due to productivity shocks and poor insurance markets dampen
wages and raise the returns from migrating. Yu Na Lee (2017) shows that
a household’s willingness to pay for commodity price stability is positively associated with propensity to migrate. However, uncertainty in the
recipient market and an inability to ensure against this uncertainty may
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prevent migration even when there are high returns (Bryan, Chowdhury,
and Mobarak 2014). Uncertainty may lead to sharecropping to share risk
(Stiglitz 1974). In combining the labor-market structure of guest workers
and the conceptual issue of volatility, I show that more volatile districts
do, indeed, send more workers out on guaranteed contracts.
BACKGROUND

The British Empire abolished the slave trade in the early 1800s, and
emancipation followed with the Slavery Abolition Act of 1833. Full
emancipation for most slaves came after a transition apprenticeship period
on 1 August 1838, a date now celebrated in many former British colonies as Emancipation Day. Planters in several colonies abandoned sugarcane, a principal, labor-intensive crop cultivated with slave labor, but
many former slave owners turned to other methods of guaranteeing and
controlling the labor supply. In Barbados, for example, planters relied on
former slave labor and restricted out-migration in order to maintain low
wages (Roberts 1955). Other colonies turned to outside labor, and India
became the prime supplier of labor to many sugarcane-producing areas.
As Tirthankar Roy and Anand Swamy (2016) show more generally in
India, labor legislation on unfree labor developed a balancing act between
local needs and concerns and British desire for a rule of law. A strong
sense of paternalism also pervaded through the legislation (see Chaudhary
and Swamy (2017) for other paternalist actions). The case of indentureship was no different, with the added complication of overseas colonies’
demands for labor. The culmination of lobbying by overseas colonies and
a strong anti-slavery movement in Britain pushed London and Calcutta
to create indentureship as an institution to balance competing British,
Indian, and colonial interests.
The Indian and recipient colony governments set up indentureship
contracts by law, which facilitates my collection of data and analysis
of migration decisions. Government-sponsored indentured immigration
supplanted free migration to satisfy labor demands while creating credible contracts. Potential migrants to participating colonies were either
required to pay the passage themselves or sign on to government-overseen indentureship contracts. Private contracts, which typified colonial
English American indentureship, became illegal. Hundreds of licensed
recruiters spread around India enrolled workers on a rolling basis
throughout a year. In some years, the total number of recruiters exceeded
one thousand (Lal 1980). The legislation required recruiters to renew their
licenses each year, and pay was awarded on a per capita basis. Recruiters
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received permission to work in particular districts per the Indian government and sometimes just for specific colonies. For instance, recruitment
to Fiji started first in tribal areas before spreading further.
Steven Vertovec (1995) and Brij Lal (1980) argue that there was little
systematic fraud in recruiting, although Lal points out that abuses did
occur and that illegal subcontracting was widespread. Lal asserts that
general ignorance of contracts rather than deliberate misinformation
predominated. In a rare glimpse into recruitment practices provided by
Clem Seecharan (1999), a multilingual, literate Bengali named Bechu
described his experience in a polemic letter campaign and later official testimony to the West India Royal Commission. He was originally
recruited as a laborer for Trinidad, but the recruiter discovered on his
arrival at the depot in Calcutta that no ship was ready to leave for that
island. The recruiter then offered to transfer Bechu to the British Guiana
depot, to which Bechu eventually agreed. In his campaign, Bechu
complained not of recruiter deception at the outset but rather of planters
manipulating the terms of the contract to their own benefit, namely in
stretching out a day’s work hours. For their part, planters responded to
Bechu’s claims by asserting that planters adhered to contracts.
Very few individuals went as paid passengers. For example, the data
that I collect for all Indian migration to Fiji show 0.7 percent of all
Indians went as paid passengers. The small number of free passengers
bypasses problems with selection into alternative forms of migration. As
already noted, private forms of indentureship in the colonial American
style were illegal. Recruitment for tea estates and overseas indentureship did overlap, particularly in Bihar and the eastern part of the United
Provinces. However, tea recruitment focused on peripheries in the east
and northeast, and half of the United Provinces was closed to tea recruitment (Gupta and Swamy 2013). Only Bombay, Calcutta, and Madras
were allowed to serve as entrepots for emigration, and Bombay remained
a minor port overall.
From 1838–1917, more than one million Indians eventually became
indentured servants to a variety of locations. This is roughly 20 percent of
the estimated population that travelled under various forms of contracts
to outlying areas of British India and worldwide during this period
(Northrup 2003). Mauritius was the first colony to experiment with
importing Indian labor, and the practice spread to other British colonies.
Natal and Fiji stand out as later primary destinations. Several French
colonies, including Cayenne (French Guiana), Guadeloupe, Martinique,
and Reunion, adopted indentureship, although many migrants departed
not from British India but rather from French India. Dutch Guiana
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Table 1
ESTIMATED STATE-SPONSORED INDENTURED IMMIGRATION FROM INDIA
Name of Colony
Mauritius
British Guiana
Trinidad
Jamaica
Grenada
St. Lucia
Natal
St. Kitts
St. Vincent
Reunion
St. Croix
Dutch Guiana
Fiji
East Africa
Seychelles
Total

Years of Migration

Number of Migrants

1834–1900
1838–1916
1845–1916
1845–1915
1856–1885
1858–1895
1860–1911
1860–1861
1860–1880
1861–1883
1863–1873
1873–1916
1879–1916
1895–1916
?–1916

453,063
238,909
143,939
36,412
3,200
4,350
152,184
337
2,472
26,507
321
34,304
60,965
32,000
6,315
1,195,278

Source: Adapted from Lal (1980), Roopnarine (2010). Lal (1980) is unable to fix the date at
which immigration to the Seychelles began.

(Suriname) and the Danish island of St. Croix also petitioned British
officials for indentured migrants and were permitted to do so, although
the latter received only one ship and discontinued the practice within a
decade. Officials in India required the Dutch to build a similar indentureship bureaucracy in Dutch Guiana as in British colonies, and British officials in Trinidad oversaw Danish indentureship. Table 1 gives an overview of the years of indentureship and the number of migrants to various
destinations.
Contracts specified the length of time, usually five years; a fixed wage
for the categories of men, women, and children; food, housing, and
medical benefits; and the provision of additional benefits at the end of
the contract. On arrival, workers were allocated to a particular estate and
could not easily switch employers; most transfers came from purposes
of family reunification. Remarkably, the contractual terms remained
stable over long periods of time except for minor pay adjustments for
new indentured laborers. As noted earlier, this contrasts sharply with the
colonial American case with private, individualized contracts. Contracts
did, however, vary across colonies. Like master-servant contracts in
the United Kingdom proper, breach of the indentureship contract was a
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criminal, not civil, offense. This criminalized desertion and removed the
option of moving between employers without prior approval.
Indians primarily worked in sugarcane and other agricultural commodities in the recipient destinations. Tasks included planting, hoeing and
weeding, cutting, and working in sugar factories. Indentureship was
designed to be temporary, and there were initially few structures to facilitate long-run migration. In contrast, many colonies put measures in place
to discourage settlement, such as a poll tax in Natal and limited landownership rights in Fiji.
The growing home rule movement in India viewed indentureship negatively as an institution designed to exploit Indian labor for low wages. In
Natal, Gandhi launched a strong political challenge against the imposition
of a high poll tax on free, post-indenture Indians in the 1890s. The annual
poll tax was set at £3 after being proposed at £25. In context, an indentured Indian earned just £6 per year. Gandhi and other local opponents
pointed to segregation in Natal and the use of indentureship to restrict
labor and economic mobility in the colony. After his return to India in the
1910s, Gandhi joined other nationalists to campaign against indentureship. In his autobiography, Gandhi points to the continuation of the poll
tax in Natal and the second-class status of Indians generally as catalysts
for his opposition to indentureship (Gandhi 1927). The government in
India halted indentureship in 1917 due to political pressure from Gandhi
and others, and the last indentured immigrants completed their contracts
in the early 1920s. Despite this, thousands of Indians continued to sign on
as indentured laborers up until the government-imposed cessation.
Fiji, Jamaica, Natal, and Suriname form the primary focus of this article
due to the preservation and digitization of their records. In Fiji and Natal,
Indian labor was essential to starting the indigenous sugar industry. By the
early twentieth century, indentured Indian laborers worked in coal mines
in Natal, as well. Legal barriers to hiring ethnic Fijians led to demand
for Indians, and this division lasts to the present. In Suriname, Indians
replaced emancipated slaves in the sugarcane estates and were replaced
themselves during and after WWI by Javanese indentured laborers.
MODEL OF MIGRATION CHOICE

Building from the canonical work from John Harris and Michael
Todaro (1970) and George Borjas’s use of the Roy Model (1987), I outline
a migration model that includes uncertainty, risk aversion, and intertemporal decision making. The model highlights the long-run nature of indentureship and risk-mitigation, which previous models have omitted. This
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approach differs from John Kennan and James Walker (2011) by placing
uncertainty on the home side. The use of uncertainty and risk aversion
poses different implications than the Harris–Todaro Model. In that model,
expected wages in their urban sector depend on the probability of unemployment, and the equilibrium condition equalizes the unemploymentadjusted wage with the rural wage. Here, the equalization of expected
consumption bundles across sectors does not lead to equilibrium; rather,
the equalization of expected utility does. Although this point seems subtle,
the underlying mechanism is different: Workers in my model face sendingmarket uncertainty and are risk averse, which in turn spurs migration.
Worker’s Problem
I use market 0 and market 1 as the home and recipient markets, respectively, to maintain consistency with Borjas. Laborers in market 0 live in
J districts operating under a traditional economy subject to fluctuations
in consumption prices. Initially, in a closed economy without migration,
worker i’s utility in time t ∈ {1,2} and district j is given by U(cijt), where
U is a concave function and cijt is consumption for person i in district j at
time t.
The worker earns a real wage wijt = wjt > 0 via subsistence production
in each period. The distribution of wages is given by log(wjt) = mj + ejt,
where ejt ~ f(0, σ w2 ). Workers live hand-to-mouth. The consumption good
j
price is normalized to 1 within each district. The maximization problem
immediately simplifies to cijt = wijt = wjt. Note that σ w2 = σ c2 .
j
j
Now suppose that the worker can choose at the start of period 1 to
migrate to a foreign labor market under a credible, guaranteed forward
contract. The real wage of this contract is w and translates into c
consumption, defined ex ante. By definition, c increases as w increases.
Because the labor market is foreign, wages in the foreign market are independent of wages in any given village, that is, ∀j , w ⊥ w j . Assuming that
the labor supply remains fixed across labor markets, the migration decision for i comes from the inequality,
(1 + b)U( cJ ) ˂˃ U(cj1) + bE[U(cj2)]

(1)

β −1 (U (cJ ) − U (c j1 )) + U (cJ ) ˂˃ E[U(cj2)],


π

where b < 1 is the discount factor. This resembles Douglas Massey et al.’s
(1993) basic formulation of returns but in discrete time with a guaranteed
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return over the worker’s earnings horizon. The worker observes the wage
level in the village economy, w internalizes the monetary costs of migration, and there is no return migration due to the forward-looking nature of
the foreign contract and the worker’s two-period lifespan.
This leads to several immediate implications. Higher wages in the
foreign market raise the value of p and increase the probability of
migrating, but higher wages in the origin market raise the current value
of staying and reduce the probability of migrating. Importantly for this
article, higher variation in home consumption, which captures uncertainty, lowers the expected utility of staying and increases the probability
of migrating.
With σ c > 0, it is possible for local wages to exceed foreign ones
j
and yet have migration. Intuitively, greater wage variation in the local
market makes the certainty value of the foreign contract more appealing.
I assume that agents form an expectation of σ c based on their past obserj
vations. This form of adaptive expectations means that higher fluctuations in consumption in a market j in the past imply further fluctuations
in the future.
The upshot of the model seems to clash with Stephen Turnovsky, Haim
Shalit, and Andrew Schmitz (1980) and earlier work on price volatility, in
which price stabilization (or certainty) hurts consumers. However, price
stability is beneficial in broad cases in which consumers spend large parts
of their income on a good or risk aversion is high. Both of these conditions hold here: The worker consumes all of her income on the consumption good, and the worker is risk averse. Thus, the model’s predictions
line up with earlier theoretical work on price variations.
This model distinguishes itself from Borjas’s use of the Roy Model in
two major ways. First, the ex-ante wage contract collapses the foreign
wage distribution to a single, predefined wage. I remove variation
from one side of the migration decision. The skills, productivity shocks,
and other factors in the home market that may lead to different wages
are flattened. The correlation ρ w ,w between the wage at home and abroad
becomes immaterial because the fixed wf makes the value of migrating,
p, known ex ante.
Second, the migration decision depends on an expectation of future
income. The worker compares the foreign offer against the local distribution of wages and, based on a belief about the subsequent year’s wages,
makes a decision. This lack of ex ante information about the origin
market’s future, risk aversion, and incomplete consumption smoothing
lead workers to migrate. In some cases, workers hedge their bets against
volatility by migrating to avoid uncertainty.
j
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Foreign Firm’s Problem

Although this article focuses on workers, firms in the foreign market
must be willing to hire laborers under forward contracts for migration to
occur. I assume that the wage w offered under the contract is set exogenously (e.g., by law) and that laborers across markets are perfect substitutes. Workers are able to pursue an outside option that pays wft.
Several different reasons emerge why a firm in market 1 would want to
hire labor under a forward contract. First, there could exist wage wedges
between markets. Forward contracts create monopsony power and thus
lower the arbitrage opportunities for immigrant workers. Firms earn more
profits by undercutting laborers from their own market with laborers from
market 0. Compensating differentials may play a role here if the work is
onerous enough to raise local wages, wft. The statutory wage may not
account for this, perhaps intentionally, and so w << wft.
Second, firms could face problems with labor shortages. If the production function is more labor intensive for some fraction q of the total
production time, then labor rationing may occur during q. This is true for
many agricultural products, including sugar cane, due to a narrow window
for harvesting. This creates a hold-up problem for employers in which
laborers can attempt to extract higher wages during q. With mobile labor,
some firms could lose actual production while other firms could produce
but at the cost of paying out higher spot wages. Following Evsey Domar
(1970), the use of bonded labor—here, laborers under forward contracts—
bypasses labor shortages during critical production periods. For firms, this
is analogous to implicit wage contracts with non-existent labor mobility.
Here, the institutional constraint on mobility due to indentureship
makes the contract acceptable to firms and gives them positive profits.1
Third, forward contracts to capture the gains of specific human capital
may exist if L = g(L,H) where H is human capital gained through on-thejob experience or training. With forward contracts, the same firm would
bear any training cost (or lower production during training) in return for
the higher gains in the future.
DATA ON INDENTURED SERVANTS AND LOCAL PRICES

The existence of demand for indentured servants working under
forward contracts is apparent in the more than one million indentured
servants shown in Table 1. Therefore, I turn to the labor supply side.
1

See Beaudry and DiNardo (1991) for how labor mobility leads to weakly negative profits.
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I focus on Fiji, Jamaica, Natal, and Suriname to provide extensive
coverage of source districts in India and destinations abroad. I utilize
data from several sources to construct Indian district-level panel data, the
most disaggregated level at which price data exist from India.
No single source provides counts of outflows by district either to
specific colonies or overall. Some aggregated information appears for
selected districts in the Annual Report of the Protector of Emigrants,
quoted in Sarup (2006–2012). However, these data are not comprehensive and only cover departures from Calcutta. To solve this problem, I
turn to the original, individual-level data to create district-year flows. As
far as I am aware, I am the first scholar to create such measurements of
district out-flows to foreign colonies.
The individual emigration pass, which was issued to all migrants on
departure from India, forms the backbone of my data. The pass recorded
information such as name, father’s name, caste, age, and place of origin.
Due to the bureaucratic nature of the passes, which were created to identify indentured servants both in India and in the destination colony, the
data are presumed to accurately represent the population. On the one hand,
administrators received no benefit from falsifying records in India. Poor
identification of a person could hinder the enforcement of the contract,
which was adjudicated in criminal court. On the other hand, while the
immigrants could manipulate some of their responses, the passes were
used to assist with sending remittances, future repatriation, and locating
relatives for estate bequests in case of death. Overall, therefore, the data
should accurately represent the population leaving India.
I assembled individual-level data from several sources (Persaud
2019). I digitized all 60,000-plus emigrations passes for Fiji held by
the National Library of Australia. I also digitized data from the last 12
years of Jamaica’s indentureship based on 5,000-plus original records
held by the National Archives of Jamaica. I obtained various data for
Natal (ca 150,000 records) and Suriname (ca 30,000 records) from the
University of KwaZulu-Natal and the Dutch National Archives, respectively. I subsequently collapsed outflows to the district-year level. Per the
Statistical Abstract Relating to British India (various years), I covered
almost 40 percent of all Indians leaving as indentured servants in my
study period. Roughly 30 percent of the population I gathered was female
and the average age for an adult was in the early 20s. These two pieces of
information matched what Lal (1980, pp. 281–83) wrote about the population of indentured servants.
Although I observe all immigrants to a particular colony (or all
immigrants within a period of time for Jamaica), I only observe the
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characteristics of immigrants and not of all people in a given district.
That is, the micro-level data set consists of individuals who selected into
migration, and this information is aggregated to the district-year level
to generate a flow measure. Because I do not observe migration to all
colonies with the microdata, I digitized district-year totals of indentured
immigrants for available districts from various Annual Report of the
Protector of Emigrants from Calcutta to compare against my numbers.
These are effectively restricted to a handful of districts in north India
due to record collection. I have not been able to find comparable data for
migration from Madras, and state-level reports do not give information
on district-specific flows.
For Bihar and the United Provinces, I have reconstructed approximate
totals for main districts prior to 1904. Unfortunately, it is not possible
to use the aggregated data from reports in lieu of the microdata due to
inconsistencies in the aggregated data. Appendix Table A1 shows that
my microdata represent the total population well. Simple cross-tabulations show that more than 90 percent of districts are correctly identified
as either sending or non-sending districts. In regressions of both a binary
indicator for any migrants and the total migrants listed in the reports, my
respective measures perform well with r2 values of roughly 0.9 and 0.8,
respectively.
An immigrant’s district of origin links her to district-level prices.
I focus on rice prices to have a consistent commodity across districts.
Unlike other crops, rice is reported for almost every district-year pair.
The annual, within-district correlations in the study period between rice
and bajra, jowar, ragi, and wheat are 0.74, 0.72, 0.84, and 0.7, respectively. The correlation between rice and wheat, the second most important crop, rises to 0.77 when limiting the sample to the core wheat areas
of Central India, the Central Provinces, Punjab and the NWF Province,
Rajputana, Sind and Baluchistan, and the United Provinces. Additionally,
given rice’s wide geographic scope and trade across South Asia, local,
non-rice crops’ prices may fluctuate more than rice. John Hurd (1975) and
Dave Donaldson (2018) find that railroad construction led to price convergence of traded commodities during the same time period as indentureship. Given that rice was a major commodity even outside of rice-growing
areas, this likely biases me against finding a result for rice price volatility.
For the main analysis in the next section, I rely on districts that have
rice price information and that ever sent one migrant. This reduces the
problem of differing institutional environments and distances from ports
that could differentiate districts that did send migrants from those that did
not. Figure 1 shows the geographic distribution of districts that ever sent
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Figure 1
DISTRICTS OF ORIGIN OF INDENTURED IMMIGRANTS TO FIJI, JAMAICA,
NATAL, OR SURINAME, 1873–1916
Source: Author’s calculation from original records.

indentured immigrants to Fiji, Jamaica, Natal, or Suriname. This restriction affects marginal areas in Bengal and Assam in the northeast towards
Burma; parts of western and northwestern India; tribal and sparsely
populated jungle areas in modern-day Jharkhand and Odisha; and parts of
central Deccan. These provinces were far away from the main ports and
were often inaccessible (Sharma 2011). The main sending areas were in
the northern Indo-Gangetic plain and along the coast in the south. I also
exclude years in which immigration was suspended by law, since a zero
in such years differs from a zero in years during which immigration was
allowed. This removes two years: 1917, the last year of indentureship in
which none of the four colonies I study recruited that late, and 1899 in the
Madras recruitment area, which faced a plague outbreak.
Table 2 gives summary statistics of the key district-level variables.
Roughly two-thirds of the district-year observations send at least one
indentured migrant. Some districts, such as Basti, sent a migrant in
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Table 2
DISTRICT-LEVEL DATA SUMMARY STATISTICS
Mean

SD

N

Sent any indentured immigrants to any colony

0.62

(0.49)

6,310

Number of indentured immigrants per district (conditional)

50.84

(154.58)

3,905

4673.17 (2836.88)

42

Indentured immigrants per year
All districts
Rice price (Rs/maund)

3.88

(1.32)

6,310

Volatility, Rice price, Rs/maund

0.17

(0.1)

6,310

3.91

(1.36)

3,905

3.83

(1.24)

2,405

Sending districts
Rice price (Rs/maund)
Non-sending districts
Rice price (Rs/maund)

Source: District-level outflows calculated by the author for Fiji, Jamaica, Natal, and Suriname,
1873–1916. Prices calculated from Prices and Wages in India. Volatility is the standard deviation
of the change of log(rice prices) over the past five years.

every year; on the other hand, Simla and others only sent migrants in
one year. Arcot in the Madras Presidency sent so many migrants that
arkaati entered Hindi as a term for an indentureship recruiter (McGregor
1993). Conditional on sending at least one migrant in a year, a district
sent on average 51 migrants. On average, more than 4,800 new indentured servants left India each year for one of these four colonies. Rice
prices averaged 3.88 Rs/maund, a measure of roughly 37 kilograms. I
split the sample to show annual prices for “sending” and “non-sending”
districts-year observations (where “sending” means there was at least one
migrant). Rice prices are slightly higher in district-years that do not send
migrants than in those that do. The standard deviation of rice prices for
sending districts exceeds that of non-sending districts.
The focus on prices rather than wages stems from systematic problems
with existing wage data. The method of collecting wages was revised in
the early 1900s, whereas prices were collected consistently from 1862
onwards (Prices and Wages in India 1921, p. 2). Wages prior to 1900
were collected in fewer districts than prices and in a coarser fashion.
For example, a wage might be designated as “2 to 4 rupees.” Wages
or wage ranges are often sticky across an area or time (e.g., wages in a
province may all be the same or the wages for a district may be the same
for many consecutive years), which Gupta and Swamy (2017) also note.
While nominal wages could have moved in the earlier example between
two and four rupees, the reported wage may not have changed. The
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magnitude of the wage differential between districts in India and colonies
should be approximately correct, but the exact differential (and volatility)
may be incorrect. Without more information or stronger assumptions on
the distribution of wages within a range over time, real wages cannot be
precisely calculated.
British colonial officials also expressed their belief that staples’ price
changes, rather than a fall in wages, explained changes in well-being
because of the minimal responsiveness of wages to changing conditions
(e.g., District Gazetteers of the United Provinces of Agra and Oudh
1904). Wages could have been set more by custom and, in the presence
of surplus labor, have been difficult to adjust. Prices, on the other hand,
could adjust more easily and clear the markets vis-à-vis a stickier wage.2
I define a volatility variable similar to prior literature in finance and
trade (e.g., Tenreyro 2007). Volatility for district j in year t is the standard
deviation of the first difference of the logarithm of annualized prices p
over the past m periods:
zj,t,m = ln pj,t–m+1 – ln pj,t–m

(2)

vjt = SD[zj,t,m], m = 1 ... 5.
I use five years (m = 5) to match the contract length in the recipient
colony. The measure is defined within each district.
The functional form of volatility relies on a view of adaptive expectations in which past realizations of price and volatility affect the expectation of the future outcome. To justify this, I run autoregressive models of
log rice price with one lag using my dynamic panel. Despite having more
than 40 years of data, consistency may be an issue with a static model
because prices show autocorrelation. The equations are a simple autoregressive process:
yjt = ryj,t–1 + gj + dt + ejt,

(3)

where j indexes the district, t indexes time, and y is the log of rice price. I
take the first difference in order to use the Arellano–Bond (1991) GMM
estimator. Appendix Table A2 shows the results with and without dt. For
2
Using a measure of real wages may impose a functional form assumption on utility. Dividing
real wages by a bundle of goods not only presupposes the composition of consumption but also a
consumption bundle elasticity of 1. With respect to calories—admittedly not all of consumption—
contemporary results in developing countries point to an income elasticity closer to 0 (e.g.,
Subramanian and Deaton (1996)). Subtracting a bundle of goods still requires assumptions on the
bundle’s composition.
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both equations of interest, r is positive, significantly higher than 0, and
significantly lower than 1, which implies stationarity and autocorrelation.
Without time fixed effects, the value of r is above 0.8, though this drops
to just below 0.6 with fixed effects. Overall, this shows that past price
realizations could be used correctly as part of a forecasting model.
To reflect the pull forces from the overseas destinations, I entered
contract information provided by various years of the Annual Report of
the Protector of Emigrants in Calcutta. The Protector of Emigrants in
Calcutta, the chief official who oversaw overseas emigration, created
these reports based on information from India and the recipient colonies.
The reports include standardized tables outlining the contracts. Wages
in Fiji, Jamaica, and Suriname were set at one shilling per diem during
the entire period. Wages in Natal were set at 10 shillings per month.
However, Natal’s contracts stipulated complete provision of food for the
duration of the contract, while the other colonies provided food for a
specified period of time and price.
To generate my measure of colonial wages, I use the rupee-sterling
exchange rate given by Raymond Goldsmith (1983) and the colonial
wage defined by law less food at government-set prices. All colonies
initially deducted money for food, and there is evidence that governmentset food prices were inflated (Knapman 1985). Take-home wages rose
once colonies stopped food deductions. Wages in the colonies rose to
their highest (in rupee terms) at the end of the nineteenth century and
then flattened once the silver-denominated rupee was pegged to the gold
standard.
FINDINGS

With the assembly of a district-level panel of outflows (aggregate and
by colony), rice prices, rice price volatility, and overseas wages, I can
answer the primary question: Does higher rice price volatility correlate with higher out-migration under indentureship? Next, to check for
heterogeneous effects based on differing overseas contracts, I separate
the effect by colony. Finally, to capture the effect of chain migration, I
estimate the same impact while accounting for prior outflows.
District-Level Indentured Migrant Flows
The first outcome of interest is the sending of any migrant from a
district j, that is, the role of volatility on the extensive margin. Given the
wide coverage of recruiters, each district can be seen as possessing the
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opportunity to send a migrant. Table 2 also shows that many districts
complied. I first estimate a linear probability model with fixed effects to
test whether rice price volatility is associated with the probability of a
district sending any migrants in a given year. The estimating equation is
anyjt = b0 + b1 ln(MinColonyWaget) + b2 ln(pricejt)

(4)

+ b3vjt + ΓIj + ejt,
where j indexes a district, t indexes year, and vjt is the measure of rice price
volatility in a given district-year (as described earlier). I use the minimum
wage (net of food) offered across the four recipient colonies to get a
conservative bound on the pull factor of wages. The district fixed effect
captures the amenity value of a district and other fixed unobservables.
As noted earlier, I focus primarily on rice prices to ensure a comparable food unit across India. β3 is the key coefficient of interest as part
of the risk-aversion/consumption-smoothing story because it captures the
within-district effect of volatility. Traditional migration models predict
a positive, significant coefficient on recipient-colony wages, that is, a
wage-differential story.
The first two columns in Table 3 show regressions based on Equation
(4). Column 1 includes the volatility measure, and β3 is positive and
statistically significant at the 1 percent level. This is consistent with risk
aversion and consumption smoothing: Higher levels of price volatility
induce more uncertainty, which in turn raises the probability of migration. A rise of volatility by one-standard deviation raises the probability
of migration occurring from that district by almost 3 percentage points
relative to a mean of 62 percent.
I add year fixed effects in the second column and drop the minimum
colony wage because it varies at the year, but not district-year-level.
Column 2 is the main column of interest: The coefficient on volatility
drops in significance to the 10 percent level and also falls in magnitude,
but higher volatility is still positively associated with a district sending at
least one indentured servant. A rise in volatility of one-standard deviation
raises the probability of a district sending a migrant by 1.45 percentage
points. These columns illustrate the main result: external wages pulled
Indians out, and internal price volatility pushed people out.3
I re-run the specifications for using a random-effects probit as an additional robustness check
with different functional form assumptions. The first two columns of Appendix Table A3 give the
marginal effects. The results are largely the same, both in the magnitude and the significance of
coefficients: volatility is positive and significant at the 1 percent level in Column 1 but no longer
in Column 2, which adds in year fixed effects.
3

0.0470*
(0.0276)

–0.137**
(0.0625)

Log(rice price), Rs/maund

Constant

6,310

6,310

Yes

0.685***
(0.101)

–0.0621
(0.0546)

0.145*
(0.0784)

3,905

No

–0.176
(0.327)

0.231**
(0.0920)

1.151***
(0.137)

0.542**
(0.261)

3,905

Yes

1.380***
(0.316)

0.225
(0.159)

0.167
(0.235)

6,310

No

0.589***
(0.132)

1.931***
(0.281)

1.007*
(0.581)

(5)

Poisson

6,310

Yes

0.806***
(0.228)

1.031**
(0.524)

(6)

Notes: Columns 1–2 dependent variable: Sent any indentured immigrants to any colony. Columns 3–4 dependent variable: Log total indentured immigrants
to any colony. Columns 5–6 dependent variable: Total indentured immigrants to any colony. Bootstrapped standard errors clustered by district in parentheses.
All models include district fixed effects. * p < 0.1, ** p < 0.05, *** p < 0.01. Volatility is the standard deviation of the change of log(rice prices) over the past
five years.
Source: District-level outflows calculated by the author for Fiji, Jamaica, Natal, and Suriname, 1873–1916. Prices calculated from Prices and Wages in India.
Contractual wages calculated from original contracts or annual reports and cross-checked with Sarup (2006–2012).

Observations

No

0.339***
(0.0270)

Min colony wage (Rs)

Year fixed effects

0.285***
(0.0540)

Volatility, rice price, Rs/maund

(4)

(3)

(1)

(2)

Intensive Margin (OLS)

Extensive Margin (LPM)

Table 3
MIGRATION WITH RICE PRICES

464
Persaud

Escaping Local Risk by Entering Indentureship

465

Prices, wages, and volatility may have affected migration not only on
the extensive margin but also on the intensive margin. Thus, the number
of total indentured servants who chose to migrate is also an outcome of
interest. To address this, I modify the previous equation by using the log
of indentured immigrants in each district-year as the dependent variable.
The analogue to Equation (4) is
ln(Indenturejt) = b0 + b1 ln(MinColonyWaget) + b2 ln(pricejt)

(5)

+ b3vjt + ΓIj + ejt.
Table 3, Columns 3 and 4 remove districts that did not send any migrants
in a given year and focuses instead on the intensive effects.
The coefficient on volatility is positive and statistically significant
at the 5 percent level in Column 3. A one-standard deviation increase
in volatility is associated with a five-percent increase in the number of
indentured immigrants. Volatility is still positive but smaller and not
statistically significant in Column 4 when time fixed effects are added.
The coefficient on the log of rice price is positive and significant at the
1 percent level in Column 3 and at the 5 percent level in Column 4. The
magnitude is similar across all specifications: a 10 percent rise in rice
prices raises the number of indentured servants by roughly 2 percent.
Recipient-colony wages are positive and significant at the 1 percent level
in both Columns 1 and 2. A rise in wages raises the number of indentured
migrants roughly by the same proportion.
To analyze the two dependent variables together and check if the results
still hold given the drop in significance from extensive- to intensivemargin regressions, I run Poisson regressions on the counts of indentured
servants. The equation is of the form
E[Indenturejt | Xjt] = exp[q1, q2, q3; Θ4]′

(6)

[ln(MinColonyWaget, ln(pricejt), vjt; Ij],
where the second vector contains the same covariates as mentioned
previously: log of the minimum recipient-colony wage, log rice price,
log wage, rice price volatility, and district fixed effects.
Table 3, Columns 5 and 6 show the results from this regression. The
signs of the coefficients match the theoretical expectation in all columns.
Although volatility is only significant at the 10 percent level in Column
5, it is significant at the 5 percent level in Column 6. In both columns, a
one-standard deviation increase in rice price volatility raises the log of
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the expected count of migrants by 1. Recipient-colony wage is significant
in Columns 1 and 2 at the 1 percent level. Log rice price is significant at
the 1 percent level in all columns. This strengthens the evidence from the
previous tables that volatility matters in out-migration under indentureship contracts.
As a robustness check due to a high number of zeros in the data and
to deal with potential misspecification therefrom, I run negative binomial regressions of the same form as the Poisson regressions. Appendix
Table A3, Columns 3 and 4 show these results. Volatility is positive and
significant in Column 3 (without year fixed effects), but it is no longer
significant in Column 4 (with year fixed effects). However, this is largely
consistent with the Poisson results.
Overall, volatility emerges as significant for both the extensive and
intensive margins. The covariates are signed correctly according to
theory. They consistently show that higher-volatility districts were more
likely to send indentured servants and, conditional on this, likely to send
more. The relationship does appear more robust for the extensive margin,
which may indicate the importance of a threshold model of leaving or the
importance of linked migration, which I explore later.
Robustness: Cross-Colony Differences
The models noted earlier pool all the colonies together, but contract
variations could lead to different patterns of migration across colonies.
In particular, the contracts for Natal paid lower wages than the other
colonies but included food for the entire duration of the contract. The
completely guaranteed nature of Natal’s contracts suggests that migration to Natal might be highly responsive to origin-market volatility.
To examine colony-specific migration patterns, I compare Natal to the
other three colonies, which resembled one another in wages and terms
for other fringe benefits. I run panel seemingly unrelated regressions
(SUR) on the binary variable that indicates whether district j sent at least
one indentured servant to colony c, where c is either (1) Natal or (2) the
pooling of Fiji, Jamaica, and Suriname. The model stacks equations from
the two groups of the form
anyjct = b0 + b1 + ln(wagect) + b2 ln(pricejt) + b3vjt

(7)

+ b4exclusionjct + ΓIj + ejct ,
where c indexes the colony, j the district, and t the year. The error terms
are allowed to be correlated across c. Dropping a colony-district-year
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observation leads to dropping the entire district-year observation, so I
include an extra dummy variable exclusionjct that indicates that a colony
c was excluded from indentureship recruiting in district j during a given
year t. This is to ensure that the matrix of stacked outcomes is defined
across all districts for a given year. I do not run models with a year fixed
effect due to computational problems with invertibility.
Table 4 gives the results from the SUR models. Across all specifications for both the pooled colonies and for Natal, volatility and own
wage are significant at the 1 percent level. This mirrors the results from
Table 3. The magnitudes in that table are more similar to those for Natal;
this is unsurprising given that indentureship to Natal comprises about 60
percent of the underlying population of interest here.
In Column 1, I run Equation (7) as given. Again, in both panels, volatility and the pull wages overseas are positive and significant at the 1
percent level. Natal shows the larger magnitudes on its covariates, but in
both panels, the coefficients on volatility and wage are similar. Columns
2 and 3 give some insight into the interactions of recruitment for different
colonies. In the upper panel, the coefficient on volatility drops by roughly
half once I account for Natal’s wages in Column 2. Higher wages in
Natal are also correlated with lower indentureship to the other colonies. In contrast, the coefficient on volatility in the lower panel for Natal
changes only slightly. In Column 3, the coefficients for exclusion in the
other colony (e.g., covering the period after Natal suspended indentureship) is positive and significant at the 1 percent level in each panel. The
volatility coefficients resemble the coefficients in Column 1. Column 4
is equivalent to two separate ordinary least squares (OLS) regressions,
since the covariates do not vary between models, and mostly resembles
Column 2.
Comparing migration across colonies reinforces the overall indentureship story but adds nuance to the individual colonies that accords with
their contracts. Natal offered the most assured future for Indians, whereas
the other colonies gave contracts that did not guarantee food for the entire
time. In accordance with this, the coefficient on volatility is both larger
in magnitude and roughly constant in the lower panel. The coefficient on
Natal wages in the lower panel drops almost in half in Columns 2 and 4,
which include wages in the other colonies. The reverse pattern emerges
for the pooled group of Fiji, Jamaica, and Suriname in the upper panel:
there is a more consistent coefficient on own wages across all columns
and a fall in the volatility coefficient in Columns 2 and 4. Volatility
mattered for recruitment to all colonies, but the inter-colony differences
show that it mattered more for the most guaranteed colony, Natal.
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Table 4
SUR WITH COLONY-SPECIFIC MIGRATION
(1)

(2)

(3)

(4)

Volatility, Rice price, Rs/maund

0.110***
(0.0224)

0.0657***
(0.0237)

0.130***
(0.0213)

0.0870***
(0.0221)

Log, min monthly wage F/J/S (Rs)

0.127***
(0.00729)

0.132***
(0.00915)

0.153***
(0.00757)

0.158***
(0.00929)

Log(rice price), Rs/maund

0.0519***
(0.00948)

0.0325***
(0.00977)

0.0215**
(0.00976)

0.0122
(0.00982)

Exclusion for F/J/S

–0.557***
(0.00742)

–0.567***
(0.00744)

–0.546***
(0.00738)

–0.550***
(0.00741)

Any to Fiji/Jamaica/Suriname

Log, natal monthly wage (Rs)

–0.0491**
(0.0217)

Exclusion for Natal

–0.0430**
(0.0202)
0.0732***
(0.00542)

0.0681***
(0.00550)

Any to Natal
Volatility, Rice price, Rs/maund

0.278***
(0.0208)

0.224***
(0.0228)

0.277***
(0.0197)

0.233***
(0.0209)

Log, natal monthly wage (Rs)

0.260***
(0.0110)

0.144***
(0.0211)

0.269***
(0.0103)

0.152***
(0.0184)

Log(rice price), Rs/maund

–0.101***
(0.00816)

–0.131***
(0.00996)

–0.0959***
(0.00802)

–0.127***
(0.00935)

Exclusion for natal

–0.572***
(0.00481)

–0.575***
(0.00535)

–0.560***
(0.00476)

–0.553***
(0.00526)

Log, min monthly wage F/J/S (Rs)

0.0482***
(0.00932)

Exclusion for F/J/S
Observations

6,310

6,310

0.0605***
(0.00884)
0.0231***
(0.00668)

0.0275***
(0.00705)

6,310

6,310

Notes: Dependent variable: Sent any indentured immigrants. Destinations for seemingly unrelated
regressions split into Natal vs. Fiji, Jamaica, or Suriname. Standard errors in parentheses. All
models include district fixed effects. * p < 0.1, ** p < 0.05, *** p < 0.01. Volatility is the
standard deviation of the change of log(rice prices) over the past five years.
Source: District-level outflows calculated by the author for Fiji, Jamaica, Natal, and Suriname,
1873–1916. Prices calculated from Prices and Wages in India.
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Robustness: Accounting for Past Migration
Past out-migration from a district under indentureship could have
affected subsequent take-up of indentureship contracts. Indentured
Indians sent and received thousands of letters throughout the decades of
indentureship, and many returned to India at the end of their contracts.
Because I do not have data on other colonies that started earlier, particularly British Guiana and Mauritius, I do not instrument for subsequent
out-migration under indentureship from the earliest possible outflows
(e.g., in the 1840s and 1850s) or for an interaction of initial outflows
with a time trend. Instead, I use the Arellano–Bond dynamic panel estimator with lags of the dependent variable as predictors for outflows. I
choose five lags to match the volatility measure and the scope of the
contracts. Because recent flows may also have been more salient than
earlier ones, this also captures a potentially time-varying effect on subsequent migration.4
The extensive-margin Arellano–Bond results appear in Table 5,
Columns 1 and 2. The sample size drops because the first few years lack
sufficient lagged periods. Unsurprisingly, the coefficients on the lagged
dependent variables for one through three years prior are positive and
statistically significant in both columns. The one-year lag has the highest
coefficient, and the coefficients on the lagged instruments drop monotonically further back in time. This is consistent with fast informationsharing and recruitment patterns that may extend across calendar years in
a given district. The drop in magnitude and significance over time shows
the effect weakens.
The results for volatility and overseas colony wages resemble the main
specification in Table 3. Volatility is positive and statistically significant
at the 1 percent level in Column 1 (without fixed effects) and positive but
not statistically significant in the second column. The magnitude rises
slightly but is not significantly larger than the earlier, base model. Even
after controlling for the network or chain migration effect, volatility still
is correlated with out-migration on the extensive margin.
The analogous intensive-margin estimates appear in Table 5, Columns
3 and 4, and reaffirm the main findings from Table 3, Columns 3 and 4.
4
Adding five lags to Equation (4) of whether or not a district sent any indentured servants
introduces an endogeneity problem that can be solved with the Arellano–Bond estimator. The
estimator rests on the assumption that if lagged migration from t – 5 through t – 1 affects migration
in time t, then even earlier migration affects t – 5 through t – 1. This estimator first uses all the
prior outflows as instruments to predict each lag. Second, the estimator uses the predicted lags to
estimate outflows in time t.
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Table 5
MIGRATION WITH RICE PRICES AND LAGGED MIGRATION
Extensive Margin (LPM)

Intensive Margin (OLS)

(1)

(2)

(3)

(4)

Volatility, Rice price, Rs/maund

0.440***
(0.0775)

0.108
(0.0965)

0.822***
(0.286)

1.042***
(0.373)

Min colony wage (Rs)

0.285***
(0.0289)

Log(rice price), Rs/maund

–0.0324
(0.0224)

0.00502
(0.0475)

–0.371***
(0.130)

0.433*
(0.250)

Constant

–0.101
(0.0657)

0.480***
(0.102)

1.393***
(0.326)

1.531***
(0.414)

0.113***
(0.0242)

0.0787***
(0.0212)

0.265***
(0.0259)

0.192***
(0.0285)

2 year

0.0643***
(0.0196)

0.0427**
(0.0198)

0.0694***
(0.0238)

0.0757***
(0.0215)

3 year

0.0409**
(0.0181)

0.0305*
(0.0177)

–0.0706***
(0.0266)

–0.0202
(0.0270)

4 year

0.0287*
(0.0166)

0.0145
(0.0166)

0.0107
(0.0286)

–0.00795
(0.0260)

5 year

0.00745
(0.0159)

0.00146
(0.0170)

0.00271
(0.0231)

0.00321
(0.0205)

No
5,480

Yes
5,480

No
1,941

Yes
1,941

Lags (instrumented)
1 year

Year fixed effects
Observations

0.637***
(0.128)

Notes: Columns 1–2 dependent variable: Sent any indentured immigrants to any colony.
Columns 3–4 dependent variable: log total indentured immigrants to any colony. Standard errors
calculated by GMM in parentheses. All four models cover 1873–1916 and include exactly five
instrumented lags of log rice price in a dynamic panel (Arellano–Bond) model as described in
the text. Volatility is the standard deviation of the change of log(rice prices) over the past five
years.
Source: District-level outflows calculated by the author for Fiji, Jamaica, Natal, and Suriname,
1873–1916. Prices calculated from Prices and Wages in India. Contractual wages calculated from
original contracts or annual reports and cross-checked with Sarup (2006–2012).

The stronger effect of the prior year on out-migration appears with larger
coefficients on the one-year lag than any other year. The three-year lags
show a negative sign in the first two columns, but they are indistinguishable from zero once year fixed effects are included.
The key finding from this table is that volatility remains positive and
significant at the 1 percent level even when accounting for lagged flows
in Columns 1 and 3 and controlling for year fixed effects in Column 4.
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The magnitudes are larger than those in Table 3, which lacks the lags. In
Column 2, the relative magnitude of the overseas wage is lower than that
of volatility, although the standard errors are larger for volatility and the
two are not statistically different.
Overall, networks may play a role in indentured migration but the
effect rapidly diminishes. Furthermore, networks do not fully explain the
dynamics of out-migration under indentureship or remove the evidence
for volatility. The magnitudes of the correlations between volatility and
out-migration, both extensive and intensive, remain similar to the original
specifications. Volatility still plays a role in understanding out-migration
under indentureship contracts.
CONCLUSION

This article provides new evidence on an understudied topic: SouthSouth migration during the “Age of Migration.” I find that volatile
economic outcomes in India were an important determinant of migration, particularly when a forward contract was available to reduce the
negative impacts of these fluctuations. The importance of volatility to
migration decisions is consistent with basic economic theory: risk-averse
agents prefer consumption smoothing. Given India’s poverty and fluctuating economic conditions, this may provide insight into why migration under informal bonded labor systems, such as kangani and maistry,
occurred rather than self-funded, individual, free migration (Jain 2015).
Indian indentureship may also offer lessons for studying other contemporaneous South-South migrations, such as Chinese and Javanese forms
of indentureship
The dearth of other studies on volatility makes it difficult to benchmark
my results, but Robin Burgess and Dave Donaldson (2012) examine the
impact of railroad expansion on commodity prices in India. They find a
decline in the coefficient of variation of district-level commodity prices
to be 75 percent over a much longer span of time (1870–1930). While
coefficient of variation does not equal my measure of volatility, a 75
percent drop in volatility implies a drop in the likelihood of a district
sending an indentured immigrant of 1.8–3.6 percent. This compares
favorably to a 1.5–3 percent change in the likelihood of sending an indentured immigrant from a one-standard deviation change in volatility. The
secular decline of commodity prices does not remove the likelihood of a
district sending any indentured immigrants.
The institutional context of Indian indentureship reduced uncertainty
on one side of the migration decision and allows me to study how local
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prices, price volatility, and foreign wages influenced migration. As
seen, higher rice price volatility was associated with both the presence
of indentured servants from a district and more indentured servants.
My colony-specific results provide evidence that more volatile areas
sent more indentured servants to Natal, which is also consistent with
theory given Natal’s greater contractual guarantees. Social networks, as
proxied by lagged migration, contributed to migration flows, but even
still, higher volatility was associated with higher out-migration from
India.
Appendix Table A1
CHECK AGAINST ANNUAL REPORTS (UP/BIHAR)
(1)
Sent any indentured immigrants to any colony

(2)

(3)

5.005***
(0.105)

5.007***
(0.108)

0.988***
(0.0119)

Total indentured immigrants

Sample
All
All
Sending
0.924
0.799
0.792
R2
Observations
570
570
536
Notes: Dependent variable: Indentured servant outflows by district to any overseas colony
calculated from annual reports, 1873–1903. Independent variable: Author’s calculation of
outflows by district to Fiji, Jamaica, Natal, and Suriname. Standard errors in parentheses. Only
districts in the United Provinces and Bihar are included. All models drop the constant. * p < 0.1,
** p < 0.05, *** p < 0.01.
Source: Indentured servant outflows any overseas colony calculated from annual reports and
reported by Sarup (2006–2012) from 1873–1903. District-level outflows calculated by the author
for Fiji, Jamaica, Natal, and Suriname, 1873-1916.

Appendix Table A2
DYNAMIC PANEL CHECK
(1)

(2)

Lag, log(rice price), Rs/maund

0.805***
(0.00870)

0.591***
(0.0117)

Constant

0.267***
(0.0114)

0.396***
(0.0146)

No

Yes

6,069

6,069

Year fixed effects
Observations

Notes: Dependent variable: Log of rice price. Standard errors calculated by GMM in parentheses.
Both models include exactly one lag of log rice price in a dynamic panel (Arellano–Bond) model.
* p < 0.1, ** p < 0.05, *** p < 0.01.
Source: Prices calculated from Prices and Wages in India.
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Appendix Table A3
MIGRATION WITH RICE PRICES, ROBUSTNESS CHECKS
RE Probit Marginal Effects

Negative Binomial

(1)

(2)

(3)

(4)

Volatility, rice price, Rs/maund

0.293***
(0.0685)

0.135
(0.0913)

0.876***
(0.196)

0.328
(0.248)

Min colony wage (Rs)

0.358***
(0.0245)

Log(rice price), Rs/maund

0.0445*
(0.230)

–0.0624
(0.0439)

0.285**
(0.115)

0.388
(0.252)

No
6,310

Yes
6,310

No
6,310

Yes
6,310

Year fixed effects
Observations

1.368***
(0.130)

Notes: Columns 1–2 dependent variable: Sent any indentured immigrants to any colony. Columns
3–4 dependent variable: Total indentured immigrants to any colony. Bootstrapped standard errors
in parentheses. All models include district fixed effects. * p < 0.1, ** p < 0.05, *** p < 0.01.
Volatility is the standard deviation of the change of log(rice prices) over the past five years.
Source: District-level outflows calculated by the author for Fiji, Jamaica, Natal, and Suriname,
1873–1916. Prices calculated from Prices and Wages in India. Contractual wages calculated from
original contracts or annual reports and cross-checked with Sarup (2006–2012).
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