RIDIE Study Export - Public Fields
Submitted By: Vijesh Krishna, v.krishna@cgiar.org
General
	h


Study Overview
Title
Impact of a Second-Generation Conservation Agriculture Technology (Happy Seeder) on Crop Residue Burning and Air Quality in Northwestern Indo-Gangetic Plains

Study is 3ie funded
No

Study ID
RIDIE-STUDY-ID-60ab4e5ad4500

Initial Registration Date
05/24/2021

Last Update Date
04/04/2021

Status
What is the status of your study?
In Development

Abstract
Describe your study in non-technical language. This abstract will be publicly visible to people who search the registry even before the study is complete, so enter only what you are comfortable sharing at this time.
The intensive, irrigated rice-wheat systems of the northwestern Indo-Gangetic Plains (NW IGP) are associated with the widespread burning of excess rice residue that cannot be otherwise disposed-off within the limited turn-around time. The second-generation direct-seeders for wheat sowing, such as Happy Seeder, facilitate sowing under heavy stubble conditions, and thereby avoid the need for residue burning. The objective of the study is to test the causal relationship between Happy Seeder diffusion and reduction in residue burning and, ultimately, reduction in air pollution in the NW IGP. We draw on data from remote sensing, a systematic review of literature, existing primary datasets, and new surveys among farm-households, service providers, and village elders. The estimated reduction in air pollution due to the technology diffusion will then be converted to savings in human health costs.


Registration Citation

Categories
Choose one or more categories that describe your study.
Agriculture and Rural Development
Environment and Disaster Management
Health, Nutrition, and Population

Additional Keywords
Additional descriptive terms for the study, if any. (Use commas to separate terms.)
Technology evaluation; Externality; Satellite data; Instrumental variable

Secondary ID Number(s)
To help with database searches and to avoid duplication, enter any ID numbers provided by funders (e.g., grant number) as well as any ID numbers provided by other registries (clinicaltrials.gov, ISRCT, etc.). For each ID number, include the organization that assigned it.

Principal Investigator(s)
Name of First PI
Vijesh V. Krishna

Affiliation
International Maize and Wheat Improvement Center (CIMMYT)

Name of Second PI
Dhanyalekshmi Pillai

Affiliation
Indian Institute Science Education and Research (IISER) Bhopal

Study Sponsor
Name
What organization is the primary funder of your study?
Standing Panel on Impact Assessment (SPIA), Rome 

Study Sponsor Location
Indicate the country where your study sponsor is located.
Italy

Research Partner
Name of Partner Institution
If you are collaborating with another organization to perform this research (including organizations in the study country), provide the organization's name.
University of Michigan, USA

Type of Organization
What type of institution is your research partner?
Research institute/University

Location
Indicate the country where your research partner is located.
United States
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Intervention Overview
Intervention
Describe the intervention or program being evaluated in this study. Be sure to indicate the objectives and expected beneficiaries. Do not discuss the evaluation here, only the intervention. (Include only details of the program that can be made public at this time.)
The limited turn-around time between rice harvest and sowing of the next crop (wheat) and mechanized harvesting of rice pose a critical challenge for farmers to sustainably handle the surplus rice residues. Because only a few economically viable residue-management alternatives are readily available, a majority of the 2.5 million farmers burn an estimated 23 million metric tons of rice stubble in October and November (NAAS 2017). The rice residue burning and the resultant increase in air pollution have received significant media attention in the recent past (Shyamsundar et al. 2019). A solution for residue burning is offered by the application of two fundamental principles of Conservation Agriculture (CA) in wheat â�� minimal soil disturbance and crop residue retention for mulching. CA is heralded as more sustainable than the traditional tillage alternatives. The first-generation CA technology using conventional zero tillage seeder, although reduced the turn-around time for wheat, was not efficient in handling the surplus loose rice residues present on the soil surface. The second-generation direct-seeders, such as Happy Seeder, alongside a superior straw management system (e.g., spreaders attached to the combined harvesters), were subsequently developed to facilitate wheat sowing even under heavy stubble and avoid the need for residue burning, making the farming system more sustainable through curtailing the negative environmental externalities. Approximately 12,000 machines are currently in use in the western IGP, mostly (>80% of the machines) in the Punjab state of India. The on-farm trials and farm surveys have shown that wheat sown into rice residues with the second-generation CA machinery yields equal to or higher than conventional tillage at a lower cost and without residue burning.

[References are provided in separate file].


Theory of Change
Describe the key aspects of the interventionâ��s theory of change, emphasizing the mechanisms the impact evaluation will focus on.
The proposed project aims to quantify the aggregate impact of a second-generation conservation agriculture (CA) technology in terms of air quality improvement in Punjab, India. In India, about 1.09 million deaths were reported from air pollution in 2015. Besides this human tragedy, economic costs amount to 3% of India&#39;s national income (Balwinder-Singh et al. 2019), and rice residue burning is a key source of air pollution in NW IGP (Shyamsundar et al. 2019). A recent data analysis showed that Happy Seeder adoption is highly efficient in preventing rice residue burning in comparison to other tillage options.Â The reduction in the negative externalities through Happy Seeder adoption will be assessed through a series of steps.


	Using Happy Seeder adoption rate and the causal effect at the plot and village levels (reduction in the probability of burning rice residues due to the technology) in NW India, we will generate an estimate of cultivated area spared from residue-burning owing to the technology.
	Reduction in CO, NO, CH4 and particulate matter (quantity per year) emission will be estimated in two ways: (a) from area spared from burning and using emission factors from the literature (Hayashi et al. 2014), and (b) directly from satellite data on zero tillage adoption and residue burning practice. The details of direct estimation are given in Section 5. The estimates generated from the two sources will be compared, and the possible differences will be discussed.Â 


[References are provided in a different file].


Treatment Arms
Does this intervention or program have multiple treatment arms or program types under evaluation?
No

Implementing Agency
Name of Organization
Who is carrying out the intervention or program? (Provide the name of the organization.)
CGIAR Institutions, Indian Council of Agricultural Research (ICAR), State Agricultural Universities; Private Service Proviers; Machine manufacturers

Type of Organization
Other

Program Funder
Name of Organization
Who is funding the intervention or program? (If multiple organizations are involved in funding, provide the name of the primary funder.)
None. Now the intervention has been disseminated by individual service providers in the villages. The state governments provide subsidy on the machine.

Type of Organization
What type of organization is this?
Other

Intervention Timing
Intervention Timeline
Has the intervention or program already started? (Answer yes if the intervention has started, meaning the planned treatment has begun, and is either still in process or completed.)
Yes

Start Date
When did the intervention or program begin? (If not yet started, provide estimated date.)
01/01/2014

End Date
When did the intervention or program end? (If not yet completed, provide estimated date. If this is to be an ongoing program, leave the field blank.)
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Evaluation Method Overview
Primary (or First) Evaluation Method
What is the main methodological approach you will use to estimate the causal impacts of the intervention or program? (If more than one, enter the first here. You will have the opportunity to enter a second method later.)
Instrumental variables

Other Method
Please describe your method that was not listed in the choices above.

Additional Evaluation Method (If Any)
Difference in difference/fixed effects

Other Method
Please describe your method that was not listed in the choices above.

Method Details
Details of Evaluation Approach
Please provide details of your methodological approach(es).
The CA adoption does not de facto terminate residue burning practice in farmers&#39; fields, as there are a number of confounding factors. As residue burning is now illegal (albeit pecuniary actions happen rarely) in many Indian states, getting reliable data at the plot or household level through farmer survey might be difficult. Therefore, we propose a triangulation approach in which the evidence on residue burning comes from different sources â�� (i) village surveys (i.e., key informant interviews and focus group discussions) and farm-household surveys, (ii) fire detection by satellite, and (iii) detection of emission of gases (CO2, CH4, CO) from biomass burning by satellites. The village boundaries will be mapped, and village characteristics â�� including soil characteristics, number and location of service providers â�� will be carefully recorded. Within the village boundaries, polluting gas emissions (e.g., CO) from residue burning can be inferred from the atmospheric observations of column averaged dry-air mixing ratio (e.g. XCO) retrieved from TROPOMI satellite instrument onboard Sentinel-5 Precursor during the wheat land preparation over three-year period (2017/18, 2018/19, 2019/20). Another set of remote sensing data (Sentinel-2) would indicate the prevalence of CA in the village during the same period, which will be subjected to groundtruthing using the surveys. Â 

Â 

Â 


Outcomes (Endpoints)
What are the outcome variables (endpoints) of interest in this evaluation? (You may distinguish primary and secondary outcomes as well as final and intermediate outcomes. If you do, indicate to which category each outcome belongs. See help text for definitions.)

	The reduction in residue burning (wheat area under burning) through Happy Seeder adoption (primary outcome)
	Reduction in CO, NO, CH4, and particulate matter (quantity per year) emission from reduced residue burning (primary outcome)
	Disability-Adjusted Life Years (DALY) saved due to reduced air pollution (final outcome)



Unit of Analysis
What is the main unit of analysis for the evaluation?
village; household; plot

Hypotheses
What specific hypotheses do you plan to test with the outcome variables specified above (or other outcomes)? (You may distinguish primary and secondary hypotheses if you like.)
1. Adoption of conservation agriculture (especially Happy Seeder) reduces farmer practice of burning rice residues.

2. By reducing the residue burning, Happy Seeder adoption reduces the emission of air pollutants.

Â 


Unit of Intervention or Assignment
Unit of assignment for receipt of the intervention or program. For experiments, the unit of randomization. (For example, individuals, schools, clinics, firms, etc.)
village; household; plot

Number of Clusters in Sample
If the intervention or program is to be administered by cluster or group (e.g., schools, villages), what is the (expected) number of groups or clusters in the analysis?
None

Number of Individuals in Sample
What is the (expected) number of individual observations (e.g., of students, households, enterprises) in the sample?
1021 farm households

Size of Treatment, Control, or Comparison Subsamples
What is the (expected) number of observations in treatment and control or comparison subsamples (i.e., those receiving the intervention and those not receiving it)? (If the intervention or program is to be administered by cluster or group, please give the number of groups, not individuals, in each subsample.)
Numebr of treatment villages = 52; Number of control villages = 70. 

Supplementary Files
Other Documents
Do you have any other documents outlining what you plan to do in this study that you are willing to upload (e.g., a proposal or IRB document)? (You may select to have the documents kept private until study completion or another date of your choosing.)
References: References Happy Seeder Study.pdf
Power and Sample Size Estimation: Power and Sample Size Estimation.pdf
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Outcomes Data
Description
Briefly describe the data set that will be used to measure outcomes. (For example, this could be a household survey, school or health facility survey, administrative data, etc. If there is more than one such data source, please describe the most important one.)
We propose a triangulation approach in which the evidence on residue burning comes from different sources â�� (i) village surveys (i.e., key informant interviews and focus group discussions) and farm-household surveys, (ii) fire detection by satellite, and (iii) detection of emission of gases (CO2, CH4, CO) from biomass burning by satellites. 

Data Collection Status
Have these data already been collected, whether by you or someone else? (This refers to data collected after the intervention was implemented, not baseline data.)
No

Previous Use of the Data
Has this data set been used before by you or others for analysis, including for unrelated research?

Data Access
Is this a restricted access data set?

Data Status
Have you obtained the data?

Data Approval Process
Briefly describe the approval process.

Approval Status
Have you obtained approval and/or the data?

Treatment Assignment Data
Participation or Assignment Information
Does (or will) the above outcomes data also contain information on the treatment assignment or program participation, i.e., which units received the intervention or participated in the program?
Yes

Description
What kind of data will you use for information on treatment assignment or program participation, i.e., which units received the intervention or participated in the program? Examples include administrative data, household survey, etc. (In some cases, there may be no specific data set. For example, data might simply be common knowledge that a program was implemented in a particular village. This type of information can be treated as a data set.)

Data Status
Do these data already exist?

Previous Use of the Data
Has this data set been used before by you or others for analysis, including for unrelated research?

Data Access
Is this a restricted access data set?

Data Obtainment Status
Have you obtained the data?

Data Approval Process
Briefly describe the approval process.

Approval Status
Have you obtained approval and/or the data?

Data Analysis
Data Analysis Status
Have you started analysis of the data?

Study Materials
Upload Study Materials
It is helpful for other researchers to be able to see survey instruments used in prior studies. Are you interested in uploading or providing links(s) to the instrument(s) or any other study information at this time? (You will also be able to do so at a later date, including at study completion.) If so, upload documents or provide links to instruments, other websites, or documents related to your study that you are willing to share, and describe each item.

Registration Category
Registration Category
Based on the information you have provided, we have classified your registration as follows.
Prospective, Category 1: Data for measuring impacts have not been collected
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Completion Overview
Intervention Completion Date
When was the intervention or program completed? If this is an ongoing program, leave the date blank.

Data Collection Completion Date
When was data collection on outcomes completed?

Unit of Analysis
What was the main unit of analysis for the evaluation?

Clusters in Final Sample
If the intervention involved clusters or groups as the unit of randomization or program assignment, please indicate the final number of clusters or groups in the sample used in the analysis.

Total Observations in Final Sample
For estimating primary program impacts, what was the total number of individual observations used in the analysis (including program recipients and controls or comparisons)?

Size of Treatment, Control, or Comparison Subsamples
What is the size of each treatment and control or comparison subsample in the main analysis? (If the analysis is at the cluster or group level, please give the number of groups, not individuals, in each subsample.)

Findings
Preliminary Report
Is there a report on the results?

Preliminary Report URL
Provide a link to the report if available.

Summary of Findings
Summarize your results. (Copy and paste a report abstract or executive summary as appropriate. Highlight the results for the key outcomes and hypotheses you outlined when registering.)

Paper
Are there any published studies based on this evaluation?

Paper Summary
Provide titles and brief summaries of the studies.

Paper Citation
Enter the citations.

Data Availability
Data Availability (Primary Data)
Is the data set you used available for other researchers (whether access is free or restricted), or will it be in the future?

Date of Data Availability
When will the data be available?

Data URL or Contact
Enter a link to the data set, if available, or the name and email of a contact person for access.

Access procedure
If the data are or will be available only on a restricted basis, please describe the procedure to apply for the data.

Other Materials
Survey
Can you share the survey questionnaire(s) you used (if not previously made publicly available)?

Survey Instrument Links or Contact
Provide the link to the survey instrument(s) or describe how to obtain them.

Program Files
Are program files (e.g., Stata .do files) available for public distribution?

Program Files Links or Contact
If yes, please provide a link to the files or the name and email of a contact person for access.

External Link
Please provide links to any other related websites, documents, etc.

External Link Description
Describe the above links.

Description of Changes
Please add any comments you would like to make on changes in this project between the initial registration and the reporting of the results (e.g., changes in evaluation method, sample size, hypotheses, etc.).

Study Stopped
Date
When was the study stopped?

Reason
Why was the study stopped?

