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Measuring regional variations in patterns of LCLUC to produce spatial estimates of the causes and consequences of land use/land cover change that influence key indicators of food security in India.
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15% -> 24.9% -
Moderately high

Motivation
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Of the 8 MDGs established by the UN, reducing poverty and hunger across the globe happen to be the first, …and also affects the rest of the goals. While much progress has been made, e.g. extreme poverty has been cut by almost 50% in the past few decades, hunger and poverty in South Asia  still remains moderately high (15%-25%).



Food security in India (FAO): 
• 195 million undernourished people, almost 25% of the global hunger burden,
• Largest absolute numbers of stunted and malnourished children (47M, 4 out of 10),
• Impacts learning capacity – low school performance – low earnings later in life,
• Multi-generational impacts – malnourished mothers – malnourished/stunted children,

The food production paradox:
• 500% increase in food grain production from the 50s: India now a net exporter of food,
• Rural poverty has been falling (55% - 25% 1973-2012), but persists in several pockets,
• Almost 300,000 farmers have taken their own lives since 1995 (~45/day)
• Droughts, financial issues, social problems,

Multiple programs to tackle these issues:
Multiple programs: National Food Security Program, Rashtriya Krishhi Vikas Yojana

(National Agricultural Improvement Program), Pradhan Mantri Fasal Bima Yojana
(Prime Minister’s Crop Insurance Scheme), School mid-day meal program, public 
distribution network etc. Implementation is however patchy.

Food security, the Indian context
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India, also the largest country in South Asia, carries a disproportionate amount of this burden. Almost 200M people are considered undernourished, especially children, an estimated 47M (means almost one in four kids are classified as undernourished in India). This obviously has many further ramifications: undernourishment causes stunting, which leads to learning difficulties, which all eventually results in underemployment and low earnings for the rest of their lives.



Major trends
• Area under non-agricultural use increased (2.85% - 8.06% 1950 and 2011). 
• Operational landholding sizes decreased (1.15- 1.08 ha 2015-16). Mostly in marginal 

(<1ha) or small-holder farmers (1-2ha 86.7%), 

• Intensively subsistence, higher cropping diversity than medium-sized farms, and 
some livestock. 

• Food gathered from wild sources important in the tribal areas. Apart from overall 
caloric needs, also contributes to nutrition – essential for health for those that 
cannot afford medical services (access and cost)

Correlates with land use/land cover

Big questions:
• What are the patterns of landcover/land use change 

across socio-economically distressed regions of India 
(urbanization, degradation, deforestation, 
abandonment)?

• Are patterns of land cover change related to issues of 
food insecurity?

• What are the similarities/differences in these 
relationships across regions?



01
Downscaling socioeconomic data to the unit level 
using small area estimation techniques,

02
Combine downscaled socio-economic data 
to produce localized indicators of food security using a 
structural equation modeling approach,

03
Mapping land cover and assessing land cover change
at the local (village or taluk) scale across one decade,

04
Assessing localized drivers of land cover change
as functions of food security and socio-economic 
indicators in a probabilistic framework,

Project objectives



01
Understanding the facets of food security in India
(household surveys), 

02
Generating spatial estimates of indicators of food 
insecurity (government data),

03
Developing a generalized method of land cover 
mapping (remote sensing),

04
Assessing where/how indicators of food insecurity 
correlate with land cover change (combination).

Project activities



Land cover mapping Landsat TM, ETM+ and OLI data (1991-
2001, 2001-2011)

Demographic parameters Census of India (2001, 2011)

HH data on socioeconomic 
parameters (village scale)

RHoMIS (Rural Household Multiple 
Indicator Survey) [rhomis.net]

HH data on socioeconomic 
parameters (district/block scale)

National Sample Survey Organization 
(NSSO)

Data sources



Study regions
Udaipur (RJ)

Tehri Garhwal (UK)
Satna, Panna (MP)

Adilabad/Khammam Nizamabad (TG)

Rajasthan

Telangana

Madhya 
Pradesh

Uttarakhand
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In terms of study areas, we are looking at six districts across four states in India. Tehri Garhwal in Uttarakhand State in the Himalayas, Udaipur district in the Rajasthan state. Satna and Panna in Madhya Pradesh, and Adilabad and Khammam in Telangana.



Study areas

Six districts across 4 states
• Government of India designated “backward districts”

• poverty, education, health, nutrition, rural road connectivity, rural household 
electrification, access to potable water and individual toilets etc.

A wide diversity of issues:
• Uttarakhand: Tehri Garhwal: Land abandonment, rural-urban 

migration, forest fires, low land productivity, feminization of 
poverty,

• Madhya Pradesh: Satna, Panna: poverty, landlessness, insufficient 
food delivery through the public distribution system, low 
irrigation development (~25%),

• Telangana: Adilabad, Nizamabad: high forest cover (~45%), low 
irrigation development (~15%), low nutritional indicators, high 
incidence of anemic children,

• Rajasthan: Udaipur: drought-prone (40/50 years), low irrigation 
development, falling groundwater levels, high groundwater 
pollution (F, NO3), 
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These six districts have been selected on the basis of this designation called “backward districts” by the Ministry of Panchayati Raj (roughly village administration). There are 115 such districts across the country, and are designated based off indicators related to levels of poverty or educational attainment, health and nutrition indicators, rural road connectivity, household electrification, access to potable water and toilets etc.



Good overall accuracy, (overall: 0.88, Kappa: 
0.83), but are these patterns real? 

Panna

Satna

Estimating land cover change

Madhya Pradesh, Satna/Panna districts
Test classification, 100x bootstrapped LDA

Approach
1. Obtain imagery
2. Generate indices
3. Classify and validate
4. Quant Uncertainties
5. Apply model to date 2
6. Assess change.



Estimating land cover change

New approach:



Estimating land cover change

Preliminary results Uttarakhand:

Observations:
• The phenoregion-based classification is much better at capturing landscape 

dynamics across the entire year,
• Classification will be representative of inter-annual land cover changes  not 

just anniversary dates.



Food insecurity and LCC: Overall idea
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The larger idea is to take the three facets of Food Security established by the FAO: Access, Availability, and Stability, and to tie these to putative causal variables in a structural equation modeling framework. So for example. Food access can be thought of as being affected by access to roads and markets, or the availability of social services such as agricultural extension etc. Social services in turn may only be available to certain sections of people (who are likely well-off), which might in turn be an indicator of household incomes or land they own. So on and so forth. A structural equation modeling framework is good in that it lets us analyze all these factors simultaneously.



Understanding food insecurity

• Designed to improve gathering 
of information from farming 
households in the developing 
world,

• For wider intercomparison of 
findings among projects across 
the world

• Built using open-source software 
(ODK)

• Surveys are conducted using 
smartphones (or tablets)

• 23016 interviews conducted in 
31 countries

• Supplemented by questions 
pertaining to land use.

RHoMIS: Rapid Household Multiple Indicator Survey (https://www.rhomis.org/)

Household-level questionnaire, ~150 questions, 
5% of villages, 1% of population = ~10,000 HHs

https://www.rhomis.org/


Survey status
Udaipur (RJ) Complete ~2000

Tehri Garhwal (UK) Cleaning ~550
Satna/Panna (MP) Complete ~2500

Adilabad/Nizamabad (TG) Cleaning ~4000

Structural Equation Modeling (SEM) process:
1. Clean responses for errors,
2. Combine responses into indicators,
3. Convert hypotheses to relationships,
4. Analyze interrelationships to establish putative correlations,
5. Confront hypothesized indicators with data,
6. Analyze, reorganize, repeat…



Variable names Variable definitions (unit) [possible range] Mean SD

Socio-economic status
Socio-economic status index. Predicted 1st factor 
from a factor analysis performed on the HH's 
assets.

0.66 1.29

Family head literacy Head man literacy level [1-5] 1.77 0.53

Dietary diversity HH dietary diversity score. Number of food groups 
consumed annually [0-10]

4.29 0.57

Food expenditure > 75% HHs with food expenditure greater than 75% of 
total off-farm income (percent)

9.49 14.36

%HH no off-farm income HHs with no off-farm income (percent) 3.99 6.70

Nearest town Nearest town (kms) 39.40 26.85

%HH > 75% debt HHs with more than 75% unpaid debt in last 1 year 20.63 11.43

Land holding Land holding (ha) 1.23 0.45

Potential food availability

Potential Food Availability (kcal per male per day). 
Estimated from the potential amount of food 
generated through each HH's supply from on and 
off-farm activities.

3827.60 2358.93

Market Orientation
Market Orientation. Ratio of agricultural products 
sold by the total agricultural production  for each 
HH (both expressed in kcal) (0-1)

0.15 0.15

Livestock ownership Livestock ownership (tlu) 1.60 0.70

# Food shortage months Number of months experiencing food shortage 3.07 0.80

# Months food own farm Number of months food sourced from own farm 4.75 1.43



Socio-economic well 
being

On-farm resources

Accessibility to food 
and markets

-0.43

-0.44

0.72

SEM Preliminary findings: All districts

Economic stress

Headman Literacy

Dietary diversity

Food expenditure > 75%

%HH no off-farm income

Nearest town

% HH > 75% debt

Landholding size

Potential food availability

Market orientation

Livestock ownership

# Food shortage months

# Months food own farm

-0.60
-0.61

0.29

Chi-square=424.671 p<0.0001
RMSEA=0.154
Tucker Lewis Index=0.680, Comparative Fit Index=0.758

Socio-economic status 0.58

0.88

0.43

0.51

0.27

1.21

0.46

0.70

-0.78

-0.49

0.85

0.35

1.30



SOCIO-ECONOMIC 
STATUS

REMOTE, DEBT, OFF-
FARM INCOME

FOOD AVAILABILITY

Socio-economic status

Headman Literacy

Dietary diversity

Food expenditure > 75%

%HH no off-farm income

Nearest town

% HH > 75% debt

Landholding size

Potential food availability

Market orientation

Livestock ownership

# Food shortage months

# Months food own farm

0.65

0.61
0.59

-0.52

0.70
0.71
0.87

0.44
-0.39

0.41

-0.68

0.48

0.72

0.54

0.99
0.80

SEM Preliminary findings: Udaipur, Rajasthan

Chi-square=208.775 p<0.0001
RMSEA=0.139
Tucker Lewis Index=0.779
Comparative Fit Index=0.723



Preliminary findings: Udaipur, Rajasthan

Take-home points
In Rajasthan:

1. High levels of educational attainment are correlated with higher ownership of assets 
(motorbikes, vehicles, TV units, refrigerators) and therefore higher socio-economic status. 
Socio-economically well-off households are associated with high dietary diversity,

2. There is a pattern of indebtedness in remote villages  correlated with limited off-farm 
income, and a large fraction of direct expenditure towards food,

3. Large landholders generally obtain most of their food from their own lands, generally 
own livestock, and do not suffer from food shortages.

These findings agree well with a general understanding 
of poverty – food insecurity relationships. 
However:
• What are spatial patterns?
• Are there differences in (strengths of) relationships 

across states?
• Are these patterns related to LCLUC



Preliminary findings: Udaipur, Rajasthan

SOCIO-ECONOMIC STATUS, FOREST CHANGE



Preliminary findings: Udaipur, Rajasthan

REMOTE, DEBT, OFF-FARM INCOME, CROP CHANGE



Preliminary findings: Udaipur, Rajasthan

FOOD AVAILABILITY, FOREST CHANGE



Thank you! Questions?

Team: 
Aditya Singh, Sarika Mittra, Phil 
Townsend, Jacob van Etten

Local collaborators:
Majhgawan: RS Negi
Tehri Garhwal: Avtar Negi
Udaipur: Rakesh Kumar
Adilabad/Nizamabad: G Tirupathaiah

Logistics and management: 
Synopticsnese: Anish Sadanandan



SEM Preliminary findings: Panna, Madhya Pradesh

FACTOR 1

FACTOR 2

FACTOR 3

-0.56

-0.23

0.30

Chi-square=139.116 p<0.0001
RMSEA=0.16
Tucker Lewis Index=0.760
Comparative Fit Index=0.812

Headman Literacy

Dietary diversity

Food expenditure > 75%

%HH no off-farm income

Nearest town

% HH > 75% debt

Landholding size

Potential food availability

Market orientation

Livestock ownership

# Food shortage months

# Months food own farm

Socio-economic status

Market orientation

0.51

-0.89

0.95

-0.50

0.99

-0.57

0.68

0.78

0.92

-0.27

0.52

0.41

0.63

0.51
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Market orientation cross-loading



Preliminary findings: Panna, Madhya Pradesh

Take-home points
In Panna:

1. Socio-economically well-off households are associated with high dietary diversity and less 
food shortage frequency.

2. Higher proportion of households dependent solely on off-farm income living in villages 
unlike in Udaipur. Households dependent solely on on-farm income have high proportion 
of large landowners with higher market orientation.

3. Overall, households lower on the socio-economic scale have lower literacy and on-farm 
resources but not necessarily lower food availability. Potential food availability is more 
closely linked to on-farm resources than socio-economic status although the relationship 
is not strong. 



FACTOR 1

FACTOR 2

FACTOR 3

-0.10

-0.35

0.04

SEM Preliminary findings: Satna, Madhya Pradesh

FACTOR 4

Headman Literacy

Dietary diversity

Food expenditure > 75%

%HH no off-farm income

Nearest town

% HH > 75% debt

Landholding size

Potential food availability

Market orientation

Livestock ownership

# Food shortage months

# Months food own farm

0.17
-0.49

0.48

Chi-square=178.377 p<0.0001, RMSEA=0.154
Tucker Lewis Index=0.696, Comparative Fit Index=0.778

Socio-economic status

0.80

-0.79

0.65

0.32

0.25

0.48

0.95

0.82

0.56

0.61

1.16

0.67

0.75

-0.62

0.04

Potential food availability

Socio-economic status



Preliminary findings: Satna, Madhya Pradesh

Take-home points
In Satna:

1. Unlike Panna and Udaipur, households in Satna do not have a mix of income from on-
farm and off-farm activities. Households in 35% of villages have income only from on-
farm activities while 37% of villages have income only from off-farm activities. This is 
reflected in the cross-loading of food availability and socio-economic status in the same 2 
factors which roughly splits households with income from either on-farm or off-farm 
activities.

2. Satna has the lowest incidence of months with food shortage (< 1 month annually). 
However, the low income diversity also results in lower potential food availability. 
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