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Introduction

• More than 557 million people rely on rice for their lives 

and livelihood (Redfern et. al. 2012)

• Most rice farmers in South Asia are smallholders and 

engage in subsistence agriculture

• The magnitude and frequency of natural disasters have 

increased due to climate change, threatening yield gains 

from the Green Revolution

• Stress Tolerant Rice Varieties (STRVs) were introduced with 

the goal to increase resilience to flooding

Objective

• We evaluate the impact of STRV adoption on reduction of yield loss resulting from flooding using 

nationally representative panel data from 2014 to 2017

Justification
• RCTs indicate that increasing adoption of STRVs has a positive impact on yield resilience (Dar et. al. 

2013, Emerick et. al. 2016)

• But there is a lack of wide-spread adoption of STRVs

• Also lack of large-scale, long-term evidence of impact from adoption

• Dar, M. H., A. de Janvry, K. Emerick, D. Raitzer, and E. Sadoulet Flood-Tolerant Rice Reduces Yield 

Variability and Raises Expected Yield, Differentially Benefitting Socially Disadvantaged Groups. Nature: 

Scientific Reports 3, 3315 (2013)

• Emerick, K., A. de Janvry, E. Sadoulet, and M. H. Dar (2016, June). Technological Innovations,

Downside Risk, and the Modernization of Agriculture. American Economic Review 106 (6),

1537–1561

• Redfern, Suzanne K, Nadine Azzu, and Jesie S Binamira. (2012). “Rice in Southeast Asia: Facing Risks 

and Vulnerabilities to Respond to Climate Change.” In Building Resilience for Adaptation to Climate 

Change in the Agriculture Sector, ed. by Alexandre Meybeck, Jussi Lankoski, Suzanne Redfern, Nandine

Azzu, and Vincent Gitz. Rome: Food and Agriculture Organization of the United Nations. 295–314.

Descriptive Evidence

Conclusion

We find that:

• Total STRV seed production and dissemination is a significant predictor for STRV adoption

• STRV adoption can increase rice yield

• The causal relationship in our causal pathway framework section is statistically established

panel

We use a fixed effect panel instrumental variable (2SLS) regression model to control for the endogenous 

decision to adopt STRVs

Data Sources

• Rice Monitoring Survey (RMS): panel survey data on household and 

rice production related data 

• Government of Bangladesh: administrative data on STRV seed 

production and dissemination from Bangladesh Agricultural 

Development Corporation (BADC)

Causal Pathway and Data

Econometric Approach

Econometric Evidence

Assumptions

𝑌𝑖𝑒𝑙𝑑𝑖𝑡 = 𝛽0 + 𝛽1𝑖𝑡𝑆𝑇𝑅𝑉 𝐴𝑑𝑜𝑝𝑡𝑖𝑜𝑛𝑖𝑡 + 𝛽2𝑖𝑡 𝑌𝑒𝑎𝑟 + 𝑢𝑖𝑡 (Stage 2)

𝑆𝑇𝑅𝑉 𝐴𝑑𝑜𝑝𝑡𝑖𝑜𝑛𝑖𝑡 = 𝛽0 + 𝛽1𝑖𝑡 𝐶𝑢𝑚. 𝑆𝑇𝑅𝑉𝑖𝑡+ 𝛽2𝑖𝑡𝑌𝑒𝑎𝑟 + 𝜀𝑖𝑡 (Stage 1)

Instrumental VariableInstrumented Variable

Outcome Variable

Fig 2: Flow chart of farmers’ decision about adoption and it’s impact on consumption

• The framework (Fig 2) begins with the development and diffusion of STRVs

• The adoption of any farm technology is heterogeneous as each farmer optimizes their farm 

production decisions depending on input availability and different constraints

• A farmer who adopts STRVs and experiences flooding will have a higher yield and, as a result, higher 

income and consumption, than a farmer who did not adopt STRVs and experienced flooding

• Cumulative production and distribution of STRV seed has a positive effect on adoption decision

• STRV adoption has a positive effect on rice yield 

• This result supports the causal pathway framework

Study Area and Data Source 

Study Area

• Bangladesh is the 4th largest rice producer in the 

world

• Vulnerable to climate change, especially flooding
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STRV Adoption Coefficient
Robust Std. 

Error
p-value

95% Confidence Interval

Lower Upper

Cum. STRV Production 

and Distribution
0.000093 0.00003 0.003 0.00003 0.00015

Year Indicator -0.006278 0.00894 0.483 -0.02382 0.01126

Yield Coefficient
Robust Std. 

Error
p-value

95% Confidence Interval

Lower Upper

STRV Adoption 3.356 1.829 0.067 -0.228 6.940

Year Indicator -1.324 0.077 0.000 -1.475 -1.172

Second stage estimation

First stage estimation

Fig 3: Study area - Bangladesh

AGRICULTURAL RESEARCH

Development and Dissemination of STRV seed

Heterogenous adoption

Farm production 

decision

Inappropriate context

Not prone to flood
Appropriate context

Prone to flood

Adoption of STRV Non-adoption

Farm Production

Normal yield                    Resilient yield                      Low yield

Flood events

CONSUMPTION

INCOME

Farm + nonfarm

Off farm labor

Fig 1: Rice plantation in Bangladesh

Fig 4: Division-wise STRV seed production and dissemination 

(2014-2017) calculated from BADC data

• There is an overall increasing 

trend in STRV seed 

production and dissemination 

(fig 4)

• Barisal and Rangpur division 

has the highest STRV 

adoption 

• Chittagong division has the 

lowest STRV adoption over 

times

Fig 6: Overall STRV adoption (2014 - 2017) 

calculated from RMS data

STRV (6.63%)

Non – STRV

93.36%• From 2014 to 2017, more than 6.5% farmers 

have adopted STRV in Bangladesh (fig 6)

Fig 7: Distribution of inverse hyperbolic sign (IHS) 

transformation of yield calculated from RMS data

• We have divided the IHS. yield by 

year (2014  and 2017) and STRVs 

adoption (STRV and Non-STRV) (fig 7)

• STRV adopter farmers have a higher 

IHS. yield than non-adopter farmers

• Stable Unit Treatment Value Assumption (SUTVA):

The instrument is district level cumulative STRV seed production and dissemination (𝐶𝑢𝑚. 𝑆𝑇𝑅𝑉). 

The amount of cumulative STRV seed production and dissemination in one district doesn’t affect the 

𝑌𝑖𝑒𝑙𝑑 and 𝑆𝑇𝑅𝑉 𝑎𝑑𝑜𝑝𝑡𝑖𝑜𝑛 of another district

• Exogeneity of the instrument

o Unconfoundedness of 𝐶𝑢𝑚. 𝑆𝑇𝑅𝑉: 

Instrumental variable is not correlated with any unobservables that affect the outcome. So, the 

distribution of STRV seed maybe correlated with 𝑆𝑇𝑅𝑉 𝑎𝑑𝑜𝑝𝑡𝑖𝑜𝑛 through which 𝑌𝑖𝑒𝑙𝑑 is predicted

o Exclusion restriction: 

There is no direct relationship between 𝐶𝑢𝑚. 𝑆𝑇𝑅𝑉 and 𝑌𝑖𝑒𝑙𝑑. The only relationship is through 

the 𝑆𝑇𝑅𝑉 𝑎𝑑𝑜𝑝𝑡𝑖𝑜𝑛. It is irrational to think that only 𝐶𝑢𝑚. 𝑆𝑇𝑅𝑉 can increase the 𝑦𝑖𝑒𝑙𝑑 without 

adoption

• Non-zero effect of instrument on treatment: 

To fulfill this assumption, the first stage estimation coefficient for 𝐶𝑢𝑚. 𝑆𝑇𝑅𝑉 should be greater than 

zero 

• Monotonic effect of 𝐶𝑢𝑚. 𝑆𝑇𝑅𝑉on 𝑆𝑇𝑅𝑉 𝐴𝑑𝑜𝑝𝑡𝑖𝑜𝑛:

An increasing amount of 𝐶𝑢𝑚. 𝑆𝑇𝑅𝑉 can help to increase the 𝑆𝑇𝑅𝑉 𝑎𝑑𝑜𝑝𝑡𝑖𝑜𝑛

• Barisal division has the 

highest percentage of STRV 

adoption

• Comparatively STRVs 

adoption is higher in more 

recent years

• Omitted years don’t have 

data in RMS (fig 5)

Fig 5: Division-wise STRVs Adoption over the years (2014 - 2017) calculated 

from RMS data

Descriptive Evidence Continued
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