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Outline:
1. Setting the stage with data and a thought experiment 

– Nutrition outcomes depend on diet and health 
– Diet and health both depend on a broad set of factors 

4. Key messages 
– Isolation (in all of its forms) creates nutritional risks
– Markets and infrastructure help to mitigate these risks

• Higher household incomes
• Lower food prices
• Lower food price volatility
• Greater dietary diversity(with caveats)
• Potentially greater resilience

2. Nutrition outcomes are driven, in part, by early-life exposures

3. Evidence on food prices, “adequate” diets, and resilience
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Source: Shively & Schmiess (2020). Altitude, Child Stunting, and Mitigating Factors in 49 Countries. Working Paper, Purdue Univ. 
Note: Derived from unweighted DHS data. Circle size proportional to country’s population of children below age 5.
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Source: Shively (2017). Infrastructure mitigates the sensitivity of child growth to local agriculture and rainfall in Nepal and Uganda. 
Proceedings of the National Academy of Sciences. doi:10.1073/pnas.1524482114.

Many kinds of investment are needed to overcome 
rural isolation and improve development outcomes



Source: Shively & Thapa (2017) Markets, transportation infrastructure and food prices in Nepal. American Journal of Agricultural 
Economics. 99(3): 660-682. doi: 10.1093/ajae/aaw086.

In Nepal, market linkages are strongly tied to geography

Food markets reach everywhere, but at very different costs

Prices are higher at destination,
to cover transport and handling



Source: Shively & Evans (2020) Dietary Diversity in Nepal: A Latent Class Approach. Working Paper, Purdue University. N=11,771. 

Correlation w/ 
complexity

Education (years) +
Farm size (ha) +
Income (Rs) +
Remittances (0/1) +
Road density (km/km2) +
Poverty incidence (%) -
Nutrition interventions (0/1) +

In Nepal, diets:
● range from basic to diverse 
● “choices” constrained by

availability
circumstance
knowledge
income and prices

Diet quality is closely linked to diet diversity
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2004 2005 2006 2007 2008 2009 2010 2011

5 year-old 
child 

measured

Relevant for wasting

Year of 
birth

Child in 
utero

2. What crops are relevant for locations? Match on agronomy.

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

1. What periods are critical for child growth? Match on time. 

Relevant for stunting

Source: Brown, Grace, Shively, Johnson and Carroll (2014). Using Satellite Remote Sensing and Household Survey Data 
to Assess Human Health and Nutrition Response to Environmental Change.  Population and Environment 36(1): 48-72.

Looking backward, we can 
understand the timeline of risk exposure

Period of 
weaning

Our focus is resilience to early-life shocks
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Source: Omiat & Shively (2020) Rainfall and Child Weight in Uganda. Economics and Human Biology 38. 
doi.org/10.1016/j.ehb.2020.100877.

In Uganda,
WHZ varies
by month of 
measurement,
as does its 
correlation 
with rainfall 
and temp.
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Note: WHZ in Nepal (n=2,335 children below 5 years; unweighted DHS data 2006 & 2011).

In Nepal,
WHZ somewhat 
more strongly 
correlated with 
greenness during 
the cropping 
season  than with 
contemporaneous 
greenness.



Mountain zone

Terai
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NDVI anomalies
and linear growth 
in Nepal, 2011  

Source: Shively, Sununtnasuk and Brown (2015) “Environmental Variability and Child Growth in Nepal.” Health and Place 35:37-51.
Based on 2011 Nepal DHS; children > 24 months only; n=273 (mountain zone), n=556 (Terai)

Children in the 
mountains are 
more sensitive to 
weather anomalies 
than those in the 
Terai. 
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Least-cost Nutritionally-adequate Diet for Uganda

Poverty line is based on the World Bank's global poverty standard of $1.25 a day using PPP GDP (LCU per international $).
Reference group for diet is adult women, using US RDA for 14 nutrients following Hotz et al. (2012).
Least-cost monthly food baskets constructed using retail prices for 10 commodities.

Policy implications: prices and incomes; availability; nutrition education

Source: Omiat and Shively (2017) Charting the cost of nutritionally-adequate diets in Uganda, 2000-2011. African Journal of Food, 
Agriculture, Nutrition and Development 17(1): 11571-11591. doi:10.18697/ajfand.77.16340.

In Uganda, the lowest-cost nutrient-adequate diet is far out of reach, 
with high volatility and spatial variation



Comparing the cost of nutrient adequacy to just daily energy 
reveals each food system’s premium for nutrients

Notes: Calculated from ICP food prices for 2011, USDA food composition data and IOM nutrient requirements for an adult woman, from Bai, Alemu et al. (2020)

Cost of nutrient adequate diets as multiple of subsistence cost of daily energy from starchy staples

Bangladesh
Nepal

Uganda



Comparing the cost of nutrient adequacy to actual food 
expenditure reveals its affordability in each country

Notes: Calculated from ICP food prices for 2017, USDA food composition data and IOM nutrient requirements for an adult woman, from SOFI 2020

Cost of nutrient adequate diets as multiple of average national food expenditures per capita

Bangladesh
Nepal

Uganda



Source: Shively & Thapa (2017) Markets, transportation infrastructure and food prices in Nepal. American Journal of Agricultural 
Economics. 99(3): 660-682. doi: 10.1093/ajae/aaw086.

Mountains

In Nepal, rice prices higher and more volatile 
in the mountains than in the terai

Terai
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A question of resilience:

When we observe growth 
faltering, who recovers and why?

All of these worsened 
from round 1 to round 2

In Nepal, many children experience growth faltering



Source: Hypothetical observations, from Zaharia et al 2020

All of these worsened 
from round 1 to round 2

Who recovers after a setback, and why?



Women dietary 
diversity scores 
(Nepal) 

Horizontal line = 
changes persist

Change from t=1 to t=2

Change from 
t=2 to t=3

On average, women whose diets 
worsened from round 1 to round 2 
recovered somewhat in round 3

And their recovery was 
larger than random mean 
reversion in this population

Source: NiL PoSHAN survey data, from Zaharia et al 2020

In Nepal, women generally recover after diets worsen



Evidence of resilience
Daily DDS Weekly DDS BMI/WHZ

𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁

Women no no
Children no no
𝐍𝐍𝐁𝐁𝐍𝐍𝐁𝐁𝐁𝐁

Women yes yes no
Children yes yes no
𝐔𝐔𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁

Women no no

Source:  Zaharia, Masters, Shively & Webb (2020) Measuring Resilience as Asymmetric Mean Reversion. Working Paper, Tufts 
University. Bangladesh (n=2753 women; 1547 children); Nepal (n=3752 women; 2203 children); Uganda (n=1617 women).

In Nepal, resilience varies 
across districts and 
households. 

Who is most resilient?

-- Women and children from 
more market-oriented 
households, and those with 
more assets and better 
access to credit.

-- Children from districts 
with more developed 
infrastructure (e.g. paved 
roads, markets, schools, 
hospitals).

We find more recovery in Nepal than elsewhere



Recap:
1. Setting the stage with data and a thought experiment 

– Nutrition outcomes depend on diet and health 
– Diet and health both depend on a broad set of factors 

4. Key messages 
– Isolation (in all of its forms) creates nutritional risks
– Markets and infrastructure help to mitigate these risks

• Higher household incomes
• Lower food prices
• Lower food price volatility
• Greater dietary diversity (with caveats)
• Potentially greater resilience

2. Nutrition outcomes are driven, in part, by early-life exposures

3. Evidence on food prices, “adequate” diets, and resilience
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