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Seasonal migration to cities is a common livelihood 
strategy for forest-fringe households in central India.  
Based on a previously collected household survey of 
5000 villages across 500 forest-fringe villages in 32 dis-
tricts of central India, we identify migration patterns 
over the last 5 years. Villages with seasonal workers 
are widely dispersed (75% of surveyed villages) and 
81% of destination cities had reported COVID-19 cas-
es at the beginning of the lockdown. Using a disease 
spread model to assess distancing strategies if return-
ing migrants carry the virus to villages, we find that 
lenient restrictions for people within a village com-
bined with maximal restrictions between villages 
could reduce the number of people exposed compared 
with moderate restrictions both within and between 
villages. Such a ‘village bubble’ strategy could reduce 
the risk of spread among vulnerable populations and 
requires that essential goods reach villages. 
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SEASONAL migration to cities is a widespread livelihood 

strategy for poor rural households in India. In contrast to 

permanent migration, a young adult in the household mi-

grates to a city where labour jobs are available. The mi-

grant spends up to six months a year in the city and 

returns to the village, generally in time for the monsoon 

planting season. Seasonal migrants are generally poorer, 

less educated and own less land than other types of  

migrants who move to cities permanently for employment 

or for educational opportunities1. With the outbreak of 

COVID-19, the potential for seasonal migrants to carry 

the virus from cities to their home villages generates 

grave concern both for local people and authorities man-

aging the crisis. 

 Households living near forests are among the poorest 

and most vulnerable populations in India. Central India is 

one of the main forested areas in the country, with high 

proportion of Scheduled Tribe (ST) populations in forest-

fringe villages. The poorest households in these villages 

use seasonal migration to supplement their incomes, rais-

ing the potential for exposure to COVID-19 as migrants 

return. Many other factors increase the vulnerability of 

these populations, including poor availability and access 

to health facilities, crowded households, low-quality  

diets2, and a high proportion of households using fuel-

wood which generates indoor air pollution and compro-

mised respiratory health. While the relatively low 

population density of rural areas relative to cities reduces 

the chances of COVID-19 spreading to a large number of 

people, the impact of exposure on vulnerable populations 

and spread between forest-fringe villages of Central India 

is severe. 

 Travel for migrants living in cities became difficult  

after the 21-day national lockdown, which began on 24 

March 2020 and was extended until at least 3 May 2020. 

News reports show migrants returning to their villages on 

foot and by any means possible. Quarantine facilities  

in both cities and villages aim to restrict transmission  

in villages, but the effectiveness of these efforts is un-

known. The government restricted inter-state travel for 

migrants after 20 April 2020. As restrictions ease, chanc-

es of exposure and spread to adjacent villages from mi-

grants who have already returned persist. Alternatives to 

severe physical distancing are needed to reduce the 

chances of exposure while allowing people to obtain  

essential supplies, plant crops and carry out other necessi-

ties of daily life. 
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Figure 1. Locations of surveyed villages (left) and destinations (right) for forest-fringe villages in Central India. Tree cover data 
from Hansen et al.13. 

 

 

 During January to March 2018, we surveyed 5000 

households in approximately 500 forest-fringe villages in 

Central India to assess patterns of migration over the pre-

vious five years. The purpose of the survey was unrelated 

to disease spread. However, the patterns of migration 

identified from these surveys become relevant as the 

spread of COVID-19 due to migrants travelling from  

cities to rural areas gains national attention. 

 In this study, we use these survey results to address 

two questions: to what extent and where are forest-fringe 

villages in Central India potentially vulnerable to expo-

sure from returning seasonal workers based on migration 

patterns over the last five years; and which physical  

distancing strategies (movement restrictions within and 

between villages) could be effective in reducing the like-

lihood of spread among adjacent villages as authorities 

ease distancing restrictions. 

Data and methods 

Study region 

We define the Central Indian region to include 32 admini-

strative districts spanning three states – Madhya Pradesh, 

Chhattisgarh and Maharashtra with a population of 54 

million people (Figure 1). It covers approximately 7.6% 

of total land area in India (approximately 25 m ha) and 

contains some of the largest remaining forest patches in 

the country3. Seventy per cent of the population is rural. 

Livelihoods of the rural population consist of small-scale 

farming, livestock rearing and collection of forest pro-

ducts (Baquie, S. et al., pers. commun.). The populations 

include many tribal communities living in and around  

forests, with Gonds and Baigas as the main tribes. Twenty-

two per cent of the population is recorded as ST com-

pared with approximately 9% nationally. Availability of 

health facilities is more than five times less than the na-

tional average. Eighty-seven per cent of rural households 

rely on wood as a primary cooking fuel, although recent-

ly, the availability of LPG has penetrated into remote are-

as. Five of the districts are included as ‘aspirational 

districts’ in the government’s programme for improving 

nutrition, health, education and other dimensions4,5  

(Supplementary Table 1). 

 Approximately 37% of all villages in the study region 

are within the forest fringe (defined here as within 8 km 

of a forest patch greater than 500 ha), with the percentage 

varying across districts from as low as 9 to as high as 91 

(Supplementary Table 1). Those living in the forest fringe 

depend on forests for fuelwood, timber, fodder and non-

timber forest products. Weekly markets sell vegetables 

and other food items. People walk or use crowded auto-

rickshaws to travel to weekly markets, which draw vil-

lagers from catchment areas of multiple villages. People 

also travel to small towns and district centres to purchase 

agricultural inputs and conduct paperwork. 

https://www.currentscience.ac.in/Volumes/119/01/0052-suppl.pdf
https://www.currentscience.ac.in/Volumes/119/01/0052-suppl.pdf
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 For those villages in the forest fringe, the median  

distance to the nearest neighbouring village is 1.7 km.  

Median population size of forest-fringe villages (2011 

Census) is 570 people and 127 households (Supplementary 

Figure 1). The small village populations and close pro-

ximity to neighbouring villages suggest that interactions 

between people from different villages can frequently  

occur. 

Household survey 

We conducted household surveys from January to March 

2018, across approximately 500 forest-fringe villages and 

5000 households (10 households per village). We divided 

villages within 8 km of the nearest forest edge into four 

groups split by median distance to road and town, and 

then randomly sampled 125 villages from each of the four 

groups. Each surveyed household responded to an ap-

proximately 45 min interview, which included questions 

about the number of people in the household who had 

migrated in the last five years, duration and destination of 

migration, year of initial migration and reasons for migra-

tion. We also carried out a village-level survey with vil-

lage representatives to enquire about households whose 

members have left the village permanently.  

 Previous analyses of survey results indicate that the 

overwhelming majority of migration in this region is sea-

sonal with less than 1% of households migrating perma-

nently. A total of 889 (18%) of 5000 households had a 

person working outside the village. In addition, house-

holds with seasonal migrants were poorer and more likely 

to have no income source in at least one season compared 

with households without members who migrate. About 

half the migrants stayed away from home for more than 

three months but returned to the village each year, and 

half stayed away less than three months. Approximately 

45% of migrants went to destinations within the study  

region6.  

Analysis of household surveys for migration patterns 

As an indication of whether authorities could expect 

COVID-19 in particular clusters in a region, we assess 

how widely the households with migrating members are 

dispersed across the region. We determine the proportion 

of districts, villages within districts and households  

within villages which potentially could be exposed to 

COVID-19 from returning migrants. Based on reports of 

the destination city for migrants, we use the publicly 

available COVID-19 tracker site (www.covid19india.org) 

for the number of reported cases in each district in which 

the city is located. We recorded the reported cases on 29 

March (five days after the beginning of the lockdown) 

and, for comparison, on 16 April. We expect that cases 

are underreported and so use these values only to indicate 

where COVID-19 might have been present on those 

dates. 

Disease spread model 

We use an epidemiological deterministic SEIR compart-

mental model to test the hypothetical spread of COVID-

19 within and between adjacent villages with one of the 

villages exposed to the virus7. The model estimates the 

flow of individuals between four states: susceptible (S), 

exposed but not infectious during the incubation period 

(E), infected (I) and recovered (R). We parameterize the 

model for an average village of those included in the sur-

vey, using the median population and values from availa-

ble reports for the duration of exposed and infected 

states. Initial values for susceptible population is 712  

individuals, one exposed and no recovered individuals, 

duration of incubation period as six days based on Klein 

et al.8, duration of infectivity period as 14 days based on 

Lauer et al.9, and case fatality rate of 0.02, based on the 

value for India (www.worldometers.info/coronavirus/ 

#countries). For a village with migrants and a population 

of 712 individuals, approximately 25 can be expected to 

be migrants based on median household size of five peo-

ple and 18% of households with migrants (see  

Results). However, because we do not know how many 

migrants are actually exposed, the model assumes one 

exposed individual. We also run the model with alterna-

tive values for durations of incubation and infectivity  

periods to test sensitivity to these parameters. 

 We run the model for 500 time steps (days) (a long 

enough time for flow from exposed to susceptible to 

reach zero) with a range of values for R0, the basic re-

production number that represents the expected number 

of cases generated by an infected individual. R0 describes 

the average transmissibility of an infectious disease, 

which reflects the inherent contagiousness of the patho-

gen and the number of contacts for an individual. We 

vary R0 to represent leniency or strictness of physical 

distancing between individuals in the case of one village 

with exposure to COVID-19 that is adjacent to another 

village without exposure. We chose the upper bound as 

3.0 based on Klein et al.8 and the lower bound as 1.0 to 

reflect the value below which the spread will die out. 

 To compare possible physical distancing strategies as 

restrictions ease after the lockdown, we run the SEIR 

model varying the R0 value to reflect the effectiveness of 

movement restrictions within a village and between adja-

cent villages. The goal is to identify the strategy with the 

lowest proportion of people exposed in the two villages 

combined. We calculate the proportion of exposed people 

relative to a baseline of no movement restrictions 

(R0 = 3.0) for different combinations of lenient and maxi-

mal movement restrictions within and between villages 

(Figure 2). We use the R0 values 1.0, 2.0 and 3.0 to    

https://www.currentscience.ac.in/Volumes/119/01/0052-suppl.pdf
https://www.currentscience.ac.in/Volumes/119/01/0052-suppl.pdf
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represent maximal, moderate and lenient movement re-

strictions respectively. Maximal restriction (R0 = 1.0) 

suggests that contact between individuals would occur at 

very low levels as during the strict lockdown period when 

people were instructed to stay at home. Lenient move-

ment (R0 = 3.0) suggests contact rates that occurred prior 

to the lockdown. Moderate movement restrictions 

(R0 = 2.0) suggest midway between maximal and lenient 

restrictions, with contact rates about half of those that 

would normally occur, which could arise from limited 

hours for shops and reduced number of people in buses. 

 To estimate the proportion of the population exposed, 

we use the combined population of the two villages (1424 

people). For example, a scenario of maximal movement 

restrictions between villages and lenient restrictions with-

in villages is calculated from the proportion of people  

exposed with R0 = 3.0 for 712 susceptible individuals 

(relative to 1424 individuals). A scenario of moderate 

movement restrictions within and between villages is the 

proportion of individuals exposed with R0 = 2.0 for 1424 

susceptible individuals. 

 For each model run, we calculate the total number of 

exposed people as the sum of the flow from susceptible to 

exposed over the 500-day time period. We estimate the 

number of exposed people without stratifying by age or 

 

 

 
 
Figure 2. Conceptual physical distancing strategies between adjacent 
villages: (top) no restrictions, (middle) lenient within village and maxi-
mal movement restrictions between villages, and (bottom) moderate 
movement restrictions between and within villages. O represents indi-
viduals with red indicating one exposed individual, X represents physi-
cal distancing between individuals and large circles represent villages. 

attempting to estimate the number of actual COVID-19 

cases. The values used to parametrize the model are  

intended to compare the relative effectiveness of different 

physical distancing strategies, rather than to estimate the 

actual number of people who would display symptoms of 

COVID-19 or require health facilities. We use the R 

package EpiModel7 with code modified for an SEIR 

model, as provided in http://statnet.org/tut/NewDCMs. 

html. 

 The model represents an over-simplified, stylized case 

of two adjacent villages, one with an exposed individual 

and one with no exposed individuals (note that the actual 

likelihood that a returning migrant is far less than one  

depends on the probability that a migrant was actually  

exposed). The model assumes uniform mixing between 

the two villages (in the case of lenient and moderate 

movement restrictions) and complete isolation in the case 

of maximal movement restrictions between villages. 

Results 

Migration patterns across forest-fringe villages 

We find that seasonal migration from villages is widely 

dispersed across forest-fringe villages in Central India. 

Also, 371 out of 495 (75%) of villages had at least one 

household using seasonal migration for at least one mem-

ber as a livelihood strategy (Figure 3  a). On an average 

for a village with migrants, 2.38 (0.02 for 95% confi-

dence interval) out of ten surveyed households in the vil-

lage had a member migrating in the last five years. All 32 

districts had at least one surveyed village with at least 

one household using that strategy, with 34% (11 out of 32 

districts) having more than 90% of surveyed villages with 

seasonal migrants (Figure 3 b). Supplementary Table 2 

provides these proportions by district (note that some dis-

tricts have only a small number of surveyed villages and 

so extrapolation is not reliable). Destination cities for  

migrants were also widely dispersed, without a pattern of 

migrants from particular locations travelling to particular 

places. In the last five years, seasonal migrants went to 

124 destinations. Many of these destinations are smaller 

cities and towns, with 18% of the migrants going to 82 

destinations with population less than a million people. 

Some destinations are larger cities, predominantly Nag-

pur (18% of migrants), Jabalpur (14%), Raipur (9%), Pu-

ne (6%) and Hyderabad (6%), where there is higher  

likelihood of COVID-19 cases (Supplementary Table 3). 

Thirty-seven per cent of the 124 destinations had at least 

one reported COVID-19 case on 29 March 2020, to 

which 81% of the migrants went. By 16 April 2020, 65% 

of the destinations had reported COVID-19 cases, these 

were the destinations of 89% of the seasonal migrants. 

Reported cases increased over 16-fold between the two 

dates (Figure 4). Note that these destinations are reported 

https://www.currentscience.ac.in/Volumes/119/01/0052-suppl.pdf
https://www.currentscience.ac.in/Volumes/119/01/0052-suppl.pdf
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Figure 3. (a) Number of villages with varying proportions of surveyed households with seasonal migrants and (b) number of districts 
with varying proportions of surveyed villages with seasonal migrants from forest -fringe villages in Central India. See Supplementary Table 
2 for district-wise proportions. 

 

 

 
 

Figure 4. Reported cases in destination locations for seasonal migrants in Central India for 29 March and 16 April 2020. Size of the bub-
ble is proportional to the proportion on total migrants reaching the destination. Note difference scale for the two dates. Population is from 
the 2011 Census14 using values for urban agglomerations. 

 

 

for the last five years and do not necessarily represent 

those during the COVID-19 outbreak, though one can ex-

pect similar patterns. 

 Based on these representative proportions, the proba-

bility that at least one migrant returns from a destination 

where COVID-19 has been reported, for an average  

village with 25 migrants returning, is close to one (1-(1-

0.81)^25). This probability represents only potential 

transmission and the actual probability of a returning  

migrant carrying the virus to a village. The actual proba-

bility would be much smaller depending on the propor-

tion of migrants who carry the virus from a city to a 

village, which could depend on the number of cases and 

size of the city, living conditions, whether the migrant 

was actually in the city at the time of the COVID-19 out-

break, whether the migrant was quarantined before or  

after returning to the village, and other variables. The 

widely dispersed geography of both village origins and 

city destinations for seasonal migrants in the region, 

which results in potential exposure across forest-fringe 

villages in the region, indicates the need for practicable 

strategies to minimize chances of spread as lockdown re-

strictions ease. 

Effectiveness of strategies for movement restrictions 
within and between villages 

Results from the SEIR model show the strong sensitivity 

of the number of exposed people to the R0 value. In the 

case of two adjacent villages, with one person in one of 

the villages carrying the virus, the question is whether a 

more effective strategy is to keep maximal movement re-

strictions between villages while allowing interaction 

within villages, or to keep moderate movement re-

strictions between individuals both within and between  

villages. As the number of exposed people is highly sen-

sitive to the R0 value (Figure 5), the question is most  

relevant at high values. With the high transmissibility of 

the coronavirus (inherently high R0) and severe economic 

hardships of physical distancing, the maximum benefit in 

terms of people exposed for the minimum movement re-

strictions would be the most beneficial strategy as re-

strictions ease. 

 Results from the SEIR model provide a conceptual pic-

ture of the effectiveness of different strategies for gradu-

ated easing of restrictions following the lockdown period, 

in terms of proportion of population exposed. Maximal 

https://www.currentscience.ac.in/Volumes/119/01/0052-suppl.pdf
https://www.currentscience.ac.in/Volumes/119/01/0052-suppl.pdf
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movement restrictions both between and within villages 

(top scenario in Figure 2) exposes only 2% of the popula-

tion and lenient distancing both between and within vil-

lages exposes 94% (Table 1). If restrictions ease to allow 

lenient distancing within villages (R0 = 3.0) but maintain 

maximal movement restrictions between villages (middle 

scenario in Figure 2), the model estimates that 47% of the 

population of both villages would be exposed. For a sce-

nario of moderate restrictions both between and within 

villages (bottom scenario in Figure 2), more than 80% of 

people are exposed. To achieve the same level of expo-

sure as the middle scenario (47%) with mixing both  

between and within villages, the R0 value would need to 

decrease by more than half, from 3.0 to approximately 

1.3 (red line in Figure 5). Varying the input parameters in 

the model for exposed and susceptible number of indi-

viduals, and for duration of incubation and infectivity  

periods alters the result only slightly with the same over-

all conclusion (Supplementary Table 4). Incidentally, re-

ports from elsewhere in the country indicate that villagers 

are implementing a strategy of movement restriction  

between villages through blockages to entries and exits10. 

 In summary, a post-lockdown strategy to maintain 

movement restrictions between villages while easing re-

strictions within villages could result in fewer number of 

people exposed than moderate easing of restrictions both 

within and between villages. 

 

 

 
 

Figure 5. Proportion of total population exposed in two hypothetical 
villages, with one exposed individual in one of the villages, with and 
without movement restrictions between the villages. The red line indi-
cates R0 value required (approximately 1.3) to achieve the same pro-
portion of population exposed with physical distancing within and 
between villages as with no within village but between village distanc-
ing. 

 
 

Table 1. Proportion of total population exposed in two villages for 

scenarios of movement restrictions between and within villages for  

  maximal (R0 = 1), moderate (R0 = 2) and lenient (R0 = 3) distancing 

Between villages  Within a village Proportion exposed 

Maximal  Maximal  0.02 

Lenient  Lenient  0.94 

Maximal  Lenient  0.47 

Moderate  Moderate  0.80 

Discussion and conclusion 

The spatial distribution of seasonal migration across  

forest-fringe areas of Central India paints a picture of 

widespread potential for exposure to COVID-19. These 

populations are among the most vulnerable in the country 

with the potential for extreme hardship if COVID-19 

spreads. 

 Although the proportion of villages with migrants  

varies across districts, migration patterns do not indicate 

concentrated hotspots of either origins (villages) or desti-

nations (cities). The number of migrants who have  

already returned to villages prior to or during the lock-

down is unknown. These patterns suggest that authorities 

need to prepare for the possibility of outbreaks through-

out the forested areas of the region. Humane and non-

stigmatizing facilities to quarantine people, as well as 

testing and health facilities, are needed with flexibility to 

respond to an outbreak where it might occur. 

 Some districts in the region have particularly high  

proportions of forest-fringe villages with migrants as well 

as high proportions of households within villages with  

migrants. These villages are particularly susceptible to 

the spread of the virus. Authorities could focus particular 

attention on testing and preparation of health facilities  

in these areas using multiple metrics such as those in  

Table 1. Dogra et al.11 provide a framework to assess  

vulnerability. 

 As restrictions ease to allow critical activities such as 

collecting fuelwood, selling and shopping at village mar-

kets, purchasing and planting seeds, and other activities, 

practical physical distancing and movement restrictions 

will still be required. A primary concern is to contain the 

spread of the virus across villages in the case of exposure 

in one village. To reduce chances of exposure in the pop-

ulation in a rural setting such as Central India, the model 

results suggest that a prudent post-lockdown strategy 

might focus on easing physical distancing restrictions 

within villages but maintaining movement restrictions be-

tween villages, while quickly imposing strict lockdown 

both within and between villages if a case emerges. Such 

a ‘village bubble’ strategy would allow people to interact 

within case-free villages, but would require availability 

of food, energy, agricultural inputs and other essentials 

without the need to travel to other villages or towns.  

Because many vulnerable communities in forest-fringe 

villages are food-insecure, the ability to acquire essentials 

while minimizing risks of exposure to COVID-19 takes 

on added urgency. 

 A ‘village bubble’ strategy might be applicable in other 

rural settings throughout India and is reportedly being 

implemented instinctively at the village level. Interestingly, 

New Zealand has successfully implemented a bubble 

strategy, with initial bubbles restricted to the household 

level and broadened to larger social groups as restrictions 

ease12. 

https://www.currentscience.ac.in/Volumes/119/01/0052-suppl.pdf
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 This analysis has limitations based on the hypothetical 

nature of the model assumptions. The simplified model-

ling assumptions regarding complete mixing or isolation 

between villages provides a conceptual basis for compar-

ing alternative distancing strategies in the absence of  

empirical data. Testing and monitoring the effectiveness 

of different strategies at the local level are needed to pro-

tect the vulnerable populations in forest-fringe villages of 

Central India. 
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