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Executive Summary 

Crop area, yield and production are the vital components of any agricultural 

statistics system. Thus, precise estimation of these parameters is very important 

for formulation of sound policies and programmes for the agriculture sector. 

The small holders form majority of population in the developing countries. 

They generally practice mixed and continuous cropping to maximize output per 

unit of land area. This creates the need to develop appropriate methodology for 

precise estimation of crop area, yield and production under mixed and 

continuous cropping. 

In view of the problems involved in development of an appropriate 

methodology for estimation of crop area, yield and production under mixed and 

continuous cropping, the Food and Agriculture Organization of the United 

Nations (FAO) under the Global Strategy to Improve Agricultural and 

Rural Statistics awarded the study entitled “Improving Methods for 

Estimating Crop Area, Yield and Production under Mixed and Continuous 

Cropping” to the ICAR-Indian Agricultural Statistics Research Institute 

(ICAR-IASRI), New Delhi, India. The date of start of the study was December 

18, 2014. A thorough review of relevant literature was made on estimation of 

crop area, yield and production under mixed and continuous cropping. 

Consequently, a report entitled ‘Synthesis of literature and frame work’ was 

published. A second report entitled ‘Gap analysis and proposed methodologies 

for estimation of crop area and crop yield under mixed and continuous 

cropping’ was also published. This report identifies and highlights gaps in 

estimation of crop area and yield under mixed and continuous cropping. 

Accordingly, appropriate methodology (sampling design, estimation procedure 

and optimum sample size) was developed for estimation of crop area, yield and 

production under mixed and continuous cropping. The domain estimation 

approach is used for estimation of crop area and yield wherein different 

crops/crop mixtures are considered as domains. The details are extensively 

covered in the report.  The methodological details are given for the three 

different cases, viz.  i) cadastral maps are available; ii) area frame scenario; iii) 

household approach. Different methods of apportioning of crop mixture area 

into component crop are dealt with. Further, details on Computer Assisted 

Personal Interviewing (CAPI) software are given as also the different methods 

of determination of crop area like rope and compass method such as farmer 

inquiry, and GPS method. The different auxiliary variables related to crop 
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area/parcel area like farmers’ self determination of crop area, number of family 

members, number of active family members, seed used etc. used in the 

proposed methodology are given. Besides, methods of determination of crop 

yield like crop cutting experiment, expert assessment of crop production, 

sampling of harvest units are given. The corresponding auxiliary variables like 

farmers’ prediction of crop produce, farmers’ recall of crop produce are 

covered. To capture continuous cropping, the method of crop diary with 2 

telephones per week is given. A particular method of determination of crop area 

is recommended if it is closer to the gold standard. The GPS method of 

determination of crop area is taken as gold standard while the whole field 

harvest is the gold standard for crop yield determination.  

A report pertaining to field test protocol was also prepared and submitted to the 

FAO. This report describes the objectives of the study, the questionnaires used 

for capturing the data, instruction manual for filling up of questionnaires, 

criterion used for choice of an estimator and choice of method of determination 

of crop area and crop yield. It also covers details on three field testing countries, 

i.e. Indonesia, Jamaica and Rwanda, where field data collection was carried out 

to test the developed methodology. Besides, details like survey period, criteria 

for identifying crop mixtures, organization of field work, sample sizes to be 

used, recommended sampling design for crop area and yield estimation are also 

covered. 

The results of field test are given in this report and indicate that the regression 

estimator beats the linear estimator in terms of the criterion of percentage CVs 

because the auxiliary variables exhibit high correlation with study variables 

both for crop area and yield estimation. The crop cutting experiment method 

has the tendency to over-estimate the crop production. There is a need to 

increase the sample size in all the three countries for reliable estimation of both 

crop area and crop yield.  

Some of the country specific results are the following: The survey work in 

Indonesia was carried out in Gunung Kidul district. The GPS method of 

determination of crop area is recommended in Indonesia, also the method of 

sampling of harvest units has the potential to provide accurate crop production 

estimates. The GPS method of determination of crop area along with farmer 

self reported area has the least percentage CV. The regression estimator, which 

uses sampling of harvest units along with farmer’s predicted crop yield as the 

auxiliary information performs best in terms of the criterion of percentage CV 

of the estimator. 
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The field work in Rwanda was carried out in Musanze district. The results of 

analysis reveal that that the regression estimators involving GPS based crop 

area as the dependent variable and Map based crop area as auxiliary variable is 

the most reliable and, therefore, recommended for use. However, the regression 

estimator in which enumerator self reported crop area is used as the dependent 

variable and Map based crop area as auxiliary variable is more or less equally 

precise. In the context of crop yield estimation, the double sampling approach 

based regression estimator is recommended here when enumerator assessment 

of crop produce is taken as study variable while crop yield through farmer 

recall method is taken as auxiliary variable. 

The field work in Jamaica was carried out in a study area comprising of five 

extension areas. The double sampling regression estimator wherein GPS based 

crop area is the study variable and famers’ inquiry based crop area is auxiliary 

variable has the minimum percentage CV for all the three study crops in 

Jamaica. Due to lack of adequate information on the auxiliary variable the 

double sampling regression estimator could not be used for crop yield 

estimation in Jamaica. Therefore, linear estimator was used for framing 

estimates of crop yield in case of sweet potato and yellow yam.  

Optimum values of sample size were determined, both for the simple and 

double sampling based regression estimator, by minimizing the cost and fixing 

the precision of an estimator. Using the optimum values of sample sizes, 

percentage reduction in cost was worked out when regression estimator was 

used in place of linear estimator. In fact, cheaper the cost in observing the 

auxiliary variable compared to main variable, greater was the reduction in cost 

achieved through the use of double sampling regression estimator.  

A limitation of the study is that small sample sizes were used for estimation of 

crop area and yield. Further, the data collection period was too short and mixed 

cropping was not found in some of the districts/study area. This highlights the 

need to replicate the study in future so that the problem of estimation of crop 

area and yield in mixed and continuous cropping can be studied properly.  
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Abstract 

This technical report provides findings of field tests conducted in selected 

districts/study area in three countries i.e. Indonesia, Rwanda and Jamaica on the 

basis of methodology developed by the team at ICAR-IASRI on estimation of 

crop area, yield and production under mixed and continuous cropping. Different 

methods of determination of crop area and crop yield were proposed along with 

different estimators for estimation of crop area and crop yield. The 

performances of proposed methods were compared against the respective gold 

standards while the performances of estimators were judged on the basis of 

criterion of percentage coefficient of variation (CV) of estimators. The results 

of analysis clearly show that the double sampling regression estimator beats the 

linear estimator in terms of the criterion of percentage CV both for estimation 

of crop area and crop yield. The use of regression estimator resulted in 

significant savings in cost as comparatively smaller samples have the potential 

to give the desired level of precision. 
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Preface 

Agriculture sector is an important component of the economy of a country, 

particularly the developing countries. A good agricultural statistical system is a 

pre-requisite for the management of agriculture sector. Crop area, yield and 

production are the vital components of any agricultural statistics system. Thus, 

precise estimation of these parameters is very important for formulation of 

sound policies and programmes for the agriculture sector. 

The small holders form majority of population in the developing countries. 

They generally practice mixed and continuous cropping to maximize output per 

unit of land area. This creates the need to develop appropriate methodology for 

precise estimation of crop area, yield and production under mixed and 

continuous cropping. Development of a sound methodology will involve 

challenges such as formulation of an appropriate sampling design for selection 

of representative sample as also development of sound estimation procedure, 

development of method for apportioning of crop mixture area into component 

crops, specification of sound methods of data collection, determination of 

optimum sample size and designing of suitable questionnaires etc. 

In view of the problems involved in development of an appropriate 

methodology for estimation of crop area, yield and production under mixed and 

continuous cropping, the Food and Agriculture Organization of the United 

Nations under the Global Strategy to Improve Agricultural and Rural 

Statistics awarded the study entitled “Improving Methods for Estimating 

Crop Area, Yield and Production under Mixed and Continuous Cropping” 

to the ICAR-Indian Agricultural Statistics Research Institute (ICAR-IASRI), 

New Delhi, India. Accordingly, a methodology in general and country specific 

methodology in particular has been developed for estimation of crop area, yield 

and production under mixed and continuous cropping.  

The methodology developed at ICAR-IASRI has been field tested in Indonesia, 

Rwanda and Jamaica. The Technical Report entitled “Findings from the field 

tests conducted in three countries” contains details of findings of the developed 

methodology implemented in the three field testing countries including 

challenges encountered and lessons learnt. It is expected that this report will 

help the users from different countries in designing surveys for estimation of 

crop area, yield and production under mixed and continuous cropping. 
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1 
Introduction 
1.1. BACKGROUND AND GENESIS 

Agriculture is the most dominant sector in human life despite the fact that its 

share in gross domestic product in developed countries as also in most of the 

developing nations has considerably dwindled over the years. It is attributed to 

the fact that agriculture provides basic necessities of human life i.e. food and 

clothing besides providing materials for fuel and housing for shelter to a great 

extent. The animals and other living creatures in this world also greatly depend 

on some form of agriculture or natural habitat for their survival. Agriculture 

with its related sectors, such as horticulture, animal husbandry, fishery and 

forestry, is the largest livelihood provider in most of developing/developed 

countries. It would be worthwhile to assert here that the agricultural 

development, in addition to its essential role of providing food security to the 

ever growing population, exists as a vital and high-impact source of poverty 

alleviation. “No Poverty – end poverty in all its forms everywhere" is the first 

and foremost goal amongst 17 Sustainable Development Goals (SDGs) set by 

the UN's global Post-2015 Development Agenda by 2030, which can only be 

possible by ensuring higher food production levels throughout the year. 

To take care of the growth and minimize risks and uncertainties in the entire 

agriculture sector, it is essential to generate timely, reliable and quality 

agricultural statistics, which are critical for policy planning and administrative 

decision-making process. Lack of quality agricultural statistics may lead to 

misallocation of scarce resources and policy formulations that fail to resolve 

critical development problems (Kelly et al., 1995). Thus reviewing and 

upgrading a mechanism for the continuous generation of timely and reliable 

agricultural statistics is of paramount importance. 
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Two major approaches for development of appropriate methodologies for the 

generation of agricultural statistics are (a) complete enumeration; and (b) 

sample survey. The scope for complete enumeration of variables in agricultural 

statistics is very limited on account of its impracticability and high costs 

involved in such a mammoth exercise. In fact complete enumeration of area is 

resorted to in states where the complete land records including growing of crops 

for all seasons every year are available. Sample survey is generally adopted 

because it provides an output that is cost effective, timely, precise and of high 

quality. The choice of an appropriate sampling design and the estimation 

procedure is, therefore, critical to assess various parameters of development of 

agriculture with fair degree of precision and reliability and to plan for future 

requirements. 

The information on crop area, yield and production plays a vital role in 

planning and allocating resources for the development of agriculture sector. 

Reliable and timely information on crop area, yield and production acts as a 

fundamental source of input to the planners and policy makers for formulating 

efficient agricultural policies and for making important decisions with respect 

to procurement, storage, public distribution, import, export and other related 

issues. 

For collection of crop area statistics both subjective and objective methods are 

currently being used worldwide. The subjective methods, often used in 

developing countries, include field reporting system, eye estimation, interview 

of the farmers, etc., but all these methods suffer from certain limitations in 

terms of providing reliable data of crop area. Though objective methods of 

measuring area like polygon method is expected to give reliable crop area 

estimates, they are difficult, costly and time consuming. Further, under certain 

unusual and problematic situations like fields having irregular shape and 

irregular boundaries, it becomes difficult to measure area using these methods. 

These situations become even more complicated in hilly regions where crops 

are grown on slopes, and measurement of area is not straight forward. In such 

situations, modern technology driven Global Positioning System (GPS) has the 

potential to provide accurate measurement of crop area (Gibson and McKenzie, 

2007, Carletto et al., 2015, Carletto et al., 2016,  Keita and Carfagna, 2009 and 

Keita et al. , 2009).  

Similarly, both subjective and objective methods are currently being adopted 

for collection of yield statistics as well. The subjective methods of estimating 

crop yield include farmers’ assessment, expert opinion, crop card, etc.,  whereas 

the objective methods include whole field or plot harvesting of yield by way of 
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conduct of crop cutting experiments, etc. Thus, the crop yield statistics are 

being realistically captured presently by using these objective methods. 

Large scale sample surveys are generally carried out by countries for estimation 

of important crop parameters i.e. area and yield of crops. The estimates of crop 

production are obtained as a product of crop area and yield. 

This report presents the results and findings from the analysis of data collected 

pertaining to crop area and yield estimation under mixed and continuous 

cropping in three field testing countries under the project. 

1.2. OBJECTIVES 

There is a general feeling that availability and quality of agricultural statistics 

has been declining in the developing and underdeveloped countries. Some of 

these countries even lack the capacity to produce a minimum set of data as 

evidenced by the poor response rates to Food and Agriculture Organization of 

the United Nations (FAO) questionnaires (World Bank 2010). At its forty-first 

session, in February 2010, the United Nations Statistical Commission endorsed 

the technical content and strategic directions of the global strategy and 

impressed upon the need for rapid development of an action plan for 

implementation (hereafter, Global Action Plan). The global strategy to improve 

agricultural and rural statistics is a groundbreaking effort to strengthen 

agricultural statistics on a common platform. 

The main aim of the global strategy is to provide framework for national and 

international statistical systems to produce the basic data and information to 

guide the decision making process required for the 21st century. This global 

strategy is based on three pillars: 

 The first pillar is the establishment of a minimum set of core data that 

countries will provide to meet the current and emerging demands. 

 

 The second pillar is the integration of agriculture into the national 

statistical systems in order to meet policy maker and other data user 

expectations that the data will be comparable across countries and over 

time. The integration will be achieved by implementing a set of 

methodologies that includes the development of a master sample frame 

for agriculture, the implementation of an integrated survey framework, 

and with results available in a data management system. 
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 The Third Pillar is the foundation that will provide the sustainability of 

the agricultural statistical system through governance and statistical 

capacity building. 

 

 One of the issues identified in the global strategy under the component 

data collection methods is estimating area, yield and production under 

mixed, repeated and continuous cropping, which is required for pursuing 

research further. 

The small farmers do mixed and continuous cropping to gain maximum output 

from the limited land resources available with them. It also protects weather 

vagaries and incidence of pests and diseases on one crop or the other grown by 

the farmer. Mixed and continuous cropping provides the food availability to the 

farmers throughout the year. The problem of estimation of apportionment of 

crop area, yield and production is involved in the context of mixed and 

continuous cropping.  In view of importance of estimation of crop area, yield 

and production under mixed and continuous cropping, the Food and Agriculture 

Organization of the United Nations under the Global Strategy to Improve 

Agricultural and Rural Statistics awarded the study entitled “Improving 

Methods for Estimating Crop Area, Yield and Production under Mixed 

and Continuous Cropping” to the ICAR-Indian Agricultural Statistics 

Research Institute (ICAR-IASRI) with the following objectives: 

1. To critically review the literature pertaining to crop area and yield under 

mixed and continuous cropping 

2. To identify the gaps relating to estimation of crop area and yield under 

mixed and continuous cropping 

3. To develop a standard statistical methodology for estimation of area and 

yield rate under mixed and continuous cropping 

4. To test the developed methodology in three field testing countries one 

each in Asia-Pacific, Africa and Latin America/Caribbean region 

5. To identify issues and challenges and provide suitable guidelines for 

implementation of the developed methodology in developing countries. 

1.3. APPROACH 

The focus of the approach is on combining objective and subjective methods of 

measurement of crop area and yield/production optimally using statistical 

procedures. Further, sample survey approach has been proposed to be used for 

estimation of area and yield of crops grown under mixed and continuous 

cropping. Methodology for crop area and yield estimation for mixed and 
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continuous cropping needs to be developed under the following three different 

scenarios: 

1. When cadastral maps are available 

2. When Area frame is available  

3. When information on parcels is not available in records 

In order to tackle the above three scenarios, three different approaches viz. (i) 

Cadastral map approach; (ii) Area frame approach; and (iii) Household 

approach have been suggested.   

The developed methodology is proposed to be tested in three countries i.e. 

Indonesia, Rwanda and Jamaica. Keeping in view the existing agricultural 

statistics system of the countries, household approach is proposed in Indonesia 

and Jamaica, whereas area frame approach is proposed in Rwanda. 

The GPS method of measuring crop area has been taken as the Gold Standard, 

recent World Bank studies strongly advocate the use of this method for crop 

area determination. Similarly, the whole field harvest method of determination 

of crop yield has been taken as Gold Standard. 

Two different approaches for primary data collection, namely, (i) Paper 

Assisted Personal Interviewing (PAPI); and (ii) Computer Assisted Personal 

Interviewing (CAPI) have been adopted. The PAPI based approach, a 

traditional approach, has been followed in all the three countries, whereas CAPI 

based approach has been followed in Indonesia and Jamaica as Rwanda did not 

have the tablets for using CAPI software. The details of study area for data 

collection in the three countries are as under: 

Table 1.3.1. Name of countries along with country wise name of identified                         

districts / study area  

  

Name of identified 

countries 
Province 

Name of identified 

districts/study area 

Indonesia 
West Java Cianjur 

Yogyakarta DI Gunung Kidul 

Rwanda Northern Musanze 

Jamaica 

Two parish: 

Trelawny and 

Manchester 

Study Area (consisted of 5 

Extension Areas i.e. Albert 

Town, Christiana, Comfort Hal, 

Lowe River, Warsop 
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2 
Description of the Survey 

Including Results of Field 

Testing in three Countries 

 

2.1. INTRODUCTION 

This chapter provides the details of the survey work undertaken in Indonesia, 

Rwanda and Jamaica as well as the results of field testing in three countries in 

the context of estimation of crop area and yield under mixed and continuous 

cropping.  

2.2. QUESTIONNAIRES USED IN THE STUDY 

Ten questionnaires were developed for data collection by ICAR-IASRI, New 

Delhi. These questionnaires were pre-tested in the respective countries to 

examine the suitability and subsequently modified to incorporate suggestion 

from respective countries. The brief details are as follows: 

Questionnaire-1: This questionnaire was designed for data collection 

pertaining to general information about the selected Primary Sampling Units 

(PSU). In this study, the PSU are either Census blocks, (CBs), Enumeration 

areas (EAs) or Enumeration districts (EDs). Information in this questionnaire is 

to be collected by some knowledgeable person in the selected PSU. 

Questionnaire–2: Listing of parcels owned by the farmers involved in 

cultivation in the randomly selected PSU was made in this questionnaire. The 

purpose of listing of farmers was to identify eligible farmers for the detailed 
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survey. Farmers growing study crops, mixtures of study crops or mixtures of 

study crops with other crops in at least one parcel/sub-parcel/plot are 

considered as eligible farmers under the study for detail data collection for area 

as well as yield estimation.  

Questionnaire-3: The questionnaire-3 was designed for data collection on the 

variables viz. area of the parcel, name of the crop / crops in crop mixture,           

sown / planted area, seed sown, date of sowing and expected date of harvest 

pertaining to crops grown in current season and other seasons of the agriculture 

year.  

Questionnaire-4: This questionnaire was used for e-tabulation of crop/crop 

mixture wise parcels. Re-tabulated data was used for the selection of sample of 

crop/crop mixture wise parcels for data collection on assessment of crop 

produce by farmer’s prediction and farmer’s recall. 

Farmer Questionnaire (Area): This questionnaire was designed for recoding 

the area of crop(s) sown/planted in the selected parcel/sub-parcel/plot by crop 

diary (in case of yellow yam and similar crops). Blank questionnaire was 

handed over by the enumerator to the selected farmer at the time of third visit 

in the PSU for recording sown/planted area under crop as and when the crop is 

planted/sown in the selected parcel. The enumerator made two calls per week to 

farmer to ensure recording of sown/planted area.  

Questionnaire-5A: This questionnaire was designed for recording the data on 

crop produce to be obtained from the selected parcel by farmer’s inquiry near 

maturity of crop (seven days before harvest). The data in this questionnaire was 

collected by contacting the respective operator/farmer of selected parcels.   

Farmer Questionnaire (Produce): This questionnaire was meant for recording 

the data on produce of crop(s) sown/planted in the selected parcel/sub-parcel by 

crop diary. A blank schedule was to be given to the farmer for recording the 

produce obtained from the selected parcel from the time to time as and when 

harvested. The enumerator was required to make two calls per week to farmer 

for ensuring the recording of produce obtained from the selected parcel/sub-

parcel. The produce of all the harvest was to be recorded in the questionnaire. 

The method could not be tested in any of the field testing countries. 

CCE Questionnaire–I: CCE Questionnaire–I was designed for marking of 

crop cutting experiments plot, data collection by physical observation, ancillary 

variables like seed used, fertilizer applied, irrigation given, etc. 
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CCE questionnaire–II: Details of produce obtained from CCE plots were 

recorded in this questionnaire as well as for recording data on inputs applied to 

the crop sown, eye estimate of crop produce, expert assessment of crop 

produce, crop production using harvest unit and crop produce of whole field 

harvest.  

Questionnaire-5B: Data on assessment of crop produce in the selected 

parcel/sub-parcel/plot by farmer’s recall (15 days to 20 days after harvest was 

collected from farmer using this questionnaire. 

In Jamaica and Indonesia, these questionnaire were programmed into to Survey 

Solutions CAPI software for data collection. In Rwanda, these questionnaires 

were administered using paper.  

2.3. TRAINING 

Global Office (GO) staff from the GS imparted training to master trainers in 

New Delhi on Survey Solutions CAPI software. Following this, IASRI hosted a 

training for two representatives from each of the three countries on the survey 

instruments, crop cutting procedures, and CAPI software.  

Further, in the second phase of training, some of the project team members of 

ICAR- IASRI as well as master trainers imparted training to the enumerators in 

the respective countries. Field work was supervised by project team members of 

ICAR- IASRI as well as officials from the concerned ministries in the three 

countries. 

Ad hoc, remote simulations led by the GO with IASRI and in-country partners, 

also served as an extra review of the electronic instruments, as well as ensured 

that IASRI and country staff were fluent with the sample assignment, and case 

management functions of Survey Solutions prior to going to the field.  

2.4. CONTROL OF NON-SAMPLING ERRORS 

Data quality aspect is an important consideration in all surveys including 

agricultural surveys. Data quality was maintained by providing extensive 

training to the enumerators/supervisors in all the field testing countries. Further, 

supervision of field work was carried out to keep the data quality intact. Where 

data was captured electronically, routine data export and tabulation was 

performed to monitor the progress of data collection, and data quality. 

Furthermore, the use of CAPI software saved the data entry errors as well as 
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minimized the data collection errors. Besides, objective methods of 

determination of crop area and yield were adopted to minimize the 

measurement errors.  

2.5. RESULTS OF FIELD TEST IN DIFFERENT   

       COUNTRIES  

Country wise description of results of field testing is given below: 

2.5.1. INDONESIA  

2.5.1.1. INTRODUCTION 

Indonesia, officially the Republic of Indonesia, is a sovereign island country 

in Southeast Asia and Oceania. It is the largest island country in the world in 

terms of number of islands, with more than seventeen thousand 

islands. Indonesia has an estimated population of over 255 million people and is 

the world's fourth most populous country and the most populous Muslim-

majority country. Indonesia shares land borders with Papua New Guinea, East 

Timor and Malaysian Borneo. Other neighbouring countries include Singapore, 

Philippines, Australia, Palau, and the Indian territory of the Andaman and 

Nicobar Islands.  

Indonesia lies between latitudes 110S and 60N and longitudes 950 E and 1410E. 

It consists of 17,508 islands, about 6,000 of which are inhabited. These are 

scattered over both sides of the equator. The capital Jakarta is in Java and is the 

nation's largest city, followed by Surabaya, Bandung, Medan, and Semarang. At 

1,919,440 square kilometers, Indonesia is the world's 15th-largest country in 

terms of land area and world's 7thlargest country in terms of combined sea and 

land area. 

Indonesia has 34 provinces, 504 districts/municipalities, 7074 sub districts, 

82190 villages and 26.1 million (2013) agricultural households. Out of 34 

provinces, five have special administrative status. Its capital Jakarta is the 

nation's largest city situated in Java. Each province has its own legislature and 

governor. The provinces are subdivided into regencies (kabupaten) and cities 

(kota), which are further subdivided into districts and again into administrative 

villages (desa). Village is the lowest level of government administration in 

Indonesia. Furthermore, a village is divided into several community groups 

(rukunwarga (RW)), which are further divided into neighbourhood groups 

(rukuntetangga (RT)).  

https://en.wikipedia.org/wiki/Sovereignty
https://en.wikipedia.org/wiki/Island_country
https://en.wikipedia.org/wiki/Southeast_Asia
https://en.wikipedia.org/wiki/Oceania
https://en.wikipedia.org/wiki/Islam_by_country
https://en.wikipedia.org/wiki/Islam_by_country
https://en.wikipedia.org/wiki/Papua_New_Guinea
https://en.wikipedia.org/wiki/East_Timor
https://en.wikipedia.org/wiki/East_Timor
https://en.wikipedia.org/wiki/Malaysia
https://en.wikipedia.org/wiki/East_Malaysia
https://en.wikipedia.org/wiki/Singapore
https://en.wikipedia.org/wiki/Philippines
https://en.wikipedia.org/wiki/Australia%E2%80%93Indonesia_border
https://en.wikipedia.org/wiki/Palau
https://en.wikipedia.org/wiki/India
https://en.wikipedia.org/wiki/Andaman_and_Nicobar_Islands
https://en.wikipedia.org/wiki/Andaman_and_Nicobar_Islands
https://en.wikipedia.org/wiki/List_of_countries_and_dependencies_by_area
https://en.wikipedia.org/wiki/List_of_countries_and_dependencies_by_area
https://en.wikipedia.org/wiki/List_of_regencies_and_cities_of_Indonesia
https://en.wikipedia.org/wiki/List_of_regencies_and_cities_of_Indonesia
https://en.wikipedia.org/wiki/Districts_of_Indonesia
https://en.wikipedia.org/wiki/Administrative_village
https://en.wikipedia.org/wiki/Administrative_village
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Indonesia has a tropical climate, with two distinct monsoonal wet and dry 

seasons. Average annual rainfall in the lowlands varies from 1,780–3,175 

millimeters and up to 6,100 millimeters in mountainous regions. Mountainous 

areas – particularly in the west coast of Sumatra, West Java, Kalimantan, 

Sulawesi and Papua – receive the highest rainfall. Humidity is generally high, 

averaging about 80%. Temperatures vary little throughout the year; the average 

daily temperature range of Jakarta is 26–30°C (79–86°F).  

For this study, the National Statistics Office, Badan Pusat Statistik (BPS), 

implemented the field testing. Two districts in Indonesia, namely, Gunung 

Kidul of DI Yogyakarta province and Cianjur of West Java province were 

identified for field testing.  

Gunung Kidul District 

The Gunung Kidul District is located between 70 46’ - 80 09’ South Latitude and 

1100 21’ - 1100 50’ East Longitudes. It is surrounded by Klaten District, 

Sukoharjo District and Central Java Province in  the North, Wonogiri District 

and Central Java Province in the  East, Indonesia Ocean in south and Bantul 

District, Sleman District, DI Yogyakarta Province in west side. 

The Gunung Kidul District consists of 18 sub-districts and 144 villages/wards 

having an area of 1,485.36 sq. km. Semanu sub-district is the largest with an 

area of about 108.39 sq. km which comprises of 7.30 percent area of Gunung 

Kidul District. Mixed cropping is practiced in different parts of the district. 

Cianjur district 

Cianjur district is located at 1060 42’ - 1070 25’east longitude and 60 21’ - 70 

25’south latitude in West Java province. The total area is 36.14 sq. km. The 

Cianjur district is enclosed by bordering districts Bogor and Purwakarta in 

north, Purwakarta, Bandung, Bandung west and Gurut in east, Indian Ocean in 

south and Sukabumi and Bogor in west. Cianjur district is divided into 32 sub-

districts, 360 villages and 6483 census blocks. Mixed cropping is found only in 

one census block namely Kertasari of Sindanbarang sub-district. Therefore, 

field work in Cianjur district was undertaken only in one Census block. 

Unfortunately, this was not known at the time of selection and was only 

discovered as the listing and completion of questionnaire 2. 

https://en.wikipedia.org/wiki/Climate_of_Indonesia
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2.5.1.2. MIXED AND CONTINUOUS CROPPING SITUATION IN THE  

             COUNTRY  

The main food crops in Gunung Kidul district of DI Yogyakarta Province are 

dry land paddy, wetland paddy, maize, soybean, cassava and peanut. Some of 

the crop mixtures in this district are dry land paddy with maize, dryland paddy 

with cassava, dryland paddy with soybean and dry land paddy with soybean and 

peanut. However, dry land paddy grown with maize is the prominent crop 

mixture. Main food crops grown in the Cianjur district of West Java Province 

are dry land paddy, wetland paddy, maize and cassava. Some of the commonly 

known crop mixtures are dry land paddy mixed with maize, dry land paddy 

mixed with maize and cassava. But, dry land paddy grown mixed with maize is 

commonly found crop mixture. A crop in a mixture was excluded if it occupied 

less than 10% area in the mixture; the area of the crop was allocated to the 

dominant crop in the mixture. 

2.5.1.3. SAMPLING FRAME  

The study was carried out in Gunung Kidul district of DI Yogyakarta province 

and Cianjur district of West Java province in Indonesia. Both the districts are 

divided into five strata namely Wetland Paddy, Dryland Paddy, Maize, Soybean 

and Non Concentration. However, for this study two strata i.e. Soybean and 

Non Concentration were considered as a single strata. The households in the 

selected census blocks were completely enumerated to determine eligible 

households using questionnaire 2. The list of eligible households formed the 

sampling frame for selection of sample of households. 

2.5.1.4. SAMPLING DESIGN  

A stratified two stage, two phase random sampling design was used for 

estimation of crop area, wherein census blocks are the first stage units and 

households in the selected census blocks are the second stage units. For 

estimation of crop area, the strata in the district have been developed using the 

variable crop potential and planting season (planting sub-round) at district level. 

In the first phase of sampling, within a stratum, a random sample (larger 

sample, first phase, first stage) of census blocks (CBs) was selected by 

probability proportion to size with replacement (PPSWR) using agricultural 

households as the size variable. Within each selected census block, a sample of 

households was selected (large sample, first phase, second stage) to collect 

data on the variables such as crop area by enquiry, family size of household, 

number of active family members and seed used. From the already selected 
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census blocks, a sub-sample (small sample, second phase, first stage) of 

census blocks was selected by simple random sampling without replacement 

(SRSWOR) and from the already selected sample of households, a sub-sample 

(small sample, second phase, second stage)  of households was selected by 

SRSWOR for data collection on crop area by GPS measurement. Since a single 

sample was used for estimation purpose, the different crop/crop mixtures were 

treated as domains and domain wise estimates along with their percentage CVs 

were developed. The estimates as well as percentage CVs for a particular crop 

were obtained by adding the relevant domains i.e. crop A in pure stand with all 

the crop mixtures in which crop A appears. 

The sample selected for enumeration of crop area by GPS was used as sampling 

frame for selection of sample for crop yield estimation by using a stratified two 

stage two phase random sampling design wherein Census Blocks selected by 

SRSWOR formed the first stage sampling units in the first phase, parcels in 

selected Census Block were the second stage units in the first phase for data 

collection on the variable crop prediction and crop recall by farmer. From the 

selected census blocks in the first phase, a sub-sample of census blocks was 

selected by SRSWOR (smaller sample, second phase, first stage) and within 

the selected parcels in the first phase, a sub-sample of parcels (second stage) 

was selected by SRSWOR in the second phase for data collection on the 

variables crop yield by CCE, whole field harvest, sampling of harvest unit. If 

the selected parcel contained more than one sub-parcels/fields, a field growing 

particular crop was randomly selected for data collection. A plot of specific size 

and shape was randomly selected for crop cutting experiment in the selected 

parcel/sub-parcel/field. Crop cutting experiments and sampling of harvest units 

methods were used for crop yield estimation.  
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Figure: 2.5.1.4.1. Sampling design for crop area estimation for mixed cropping using 

household approach 

 

 

Figure: 2.5.1.4.2. Sampling design for crop yield estimation for mixed cropping using 

household approach 

 
2.5.1.5. DESCRIPTION OF SAMPLES FOR DATA COLLECTION (EACH  

             QUESTIONNAIRE AND # ENUMERATED) 

Household approach was adopted in Indonesia for the purpose of data 

collection. The Table 2.5.1.5.1 gives stratum wise number of census 

blocks/HHs/parcels in the two districts selected for the study. It may be seen 

that Gunung Kidul and Cianjur district has 2,245 and 6,483 census blocks 

respectively. From each of the district a sample of 20 census blocks was 
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selected and completely enumerated to determine the number of eligible 

households.  

There were 1536 eligible HHs in the selected census blocks in Gunung Kidul 

district, the stratum wise eligible HHs being 321, 382, 413 and 420. Mixed 

cropping was prevalent in one census block of stratum 3 in Cianjur district; 

there were 77 eligible HHs in the census block of  stratum 3.  

All households growing study crops in the selected CBs were enumerated using 

Questionnaire-2. Wet-land paddy, dry-land paddy, maize, soybean, their 

mixtures including mixtures of these crops with other crops were considered for 

data collection purpose. Accordingly, farmer households involved in growing 

above food crops in at least one parcel/sub-parcel were considered as eligible 

farmer household under the study. In each selected CB, a sample of 9 to 11 

eligible households was selected. All the parcels belonging to a selected 

household were enumerated for crop area estimation using questionnaire-3. 

Information on family size, number of active family members, seed used, self-

reported area under crop/crop mixture in all the parcels owned/operated by the 

selected farmer household was collected by inquiry from any knowledgeable 

family member. 

A sub-sample of 16 CBs out of 20 CBs was selected and within each selected 

CB, a sub-sample of 5-6 households was selected for area measurement using 

GPS instrument from the already selected 9-11 households (larger sample). 

Area measurement was carried out by GPS in all the parcels of selected 

households. Further, the crop/crop mixture wise parcels measured by GPS were 

re-tabulated using questionnaire-4. 

For the purpose of assessment of crop produce a sample of 15 CBs was selected 

and within the selected CB, a sample of 101 parcels was selected for data 

collection on the variables crop produce assessment by farmer prediction. This 

data was collected using questionnaire-5A. From the sample of 15 CBs a 

sample of 11 CBs was selected and within the selected CBs a random sample of 

55 parcels out of 101 parcels under different crop/crop mixture by SRSWOR 

(minimum 2 crop cut in each crop/crop mixture) was selected for crop yield 

estimation by CCE (due to crop failure no data on crop produce by farmer 

prediction/recall as well as CCE was collected in Cianjur district while in 

Gunung Kidul  district, due to early harvest, data on 10 parcels could be 

collected for crop produce assessment by farmer prediction/recall while only 10 

parcels were observed for data collection on crop yield by CCE). The data on 

crop yield through crop cutting experiment technique was collected using CCE 
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questionnaire-1. A random sample of parcels was selected out of 55 parcels 

under different crop/crop mixture by SRSWOR in the district and plant count 

on the different crops grown in the randomly demarcated CCE plot. This data 

on plant count through physical observation was also recorded in CCE 

questionnaire-1. 

Data on crop produce of selected field through farmer recall, whole field 

harvest and sampling of harvest unit was collected using questionnaire-5B on 

the same sample used for crop prediction (Questionnaire-5A). 

Table 2.5.1.5.1. District wise, Stratum wise Number of Selected Census Blocks and 

number of Selected Households in Selected Census Blocks                                                            

in different phases under Study 

 

 

# Data on crop yield could not be collected due to crop failure 

2.5.1.6. PERIOD OF DATA COLLECTION 

The data on crop area, yield and production was collected from December, 

2015 to April 2016 in Gunung Kidul district while in Cianjur district data on 

only crop area was collected from December, 2015 to March 2016. The data on 

crop yield could not be collected in Cianjur district due to crop failure on 

account of severe draught.  
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3 643 413 5 4 3 2 51 20 24 11 

4 864 420 6 5 5 4 61 27 28 16 

Total 2,245 1536 20 16 15 11 204 84 101 13 
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3 665 77 1 1 # # 40 40 # # 
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Total 6,483 77 - 1  
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2.5.1.7. METHODS OF DATA COLLECTION 

The questionnaires were designed for data collection by Computer-Assisted 

Personal Interviewing (CAPI) and Paper-Assisted Personal Interviewing (PAPI) 

methods. The instruction manual has been prepared for data collection by both 

the methods i.e. CAPI and PAPI for the benefit of field enumerators. Training 

was imparted to two master trainers in India during 31st August 31 to 

September 04, 2015. The master trainers, in turn, imparted the training to 

supervisors and enumerators identified for data collection in the presence of 

project team members of ICAR-IASRI. The data was collected through CAPI in 

Gunung Kidul district while PAPI method was used in Cianjur district. GO staff 

also travelled to Indonesia to impart training on CAPI to field managers.  

The Badan Pusat Statistik (BPS), Indonesia is the designated agency for 

collection of agricultural statistics in Indonesia. It is responsible for conducting 

major censuses and surveys as also for dissemination of all official statistics in 

the country. In view of its expertise in the area of agricultural statistics, BPS, 

Indonesia was identified as the nodal agency for data collection work under this 

study.  
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2.5.1.8 RESULTS AND DISCUSSION 

Crop area estimation 

The GPS method of measuring crop area was taken as the Gold Standard. 

Figure 2.5.1.8.1 presents scatter plot between GPS measure and area given by 

farmer inquiry. It can be seen that there exists a near linear relationship between 

area of parcel measured by GPS and determined by farmer’s inquiry and the 

magnitude of R2 is equal to 0.95. 

Figure 2.5.1.8.1. Scatter plot indicating area of parcel by Farmer's Inquiry vs GPS  

 

 

 

 

 

 

 

 

A
re

a 
o

f 
p

ar
ce

l b
y 

G
P

S

Area of parcel by Farmer's Inquiry



31 
 

Figure 2.5.1.8.2. presents Percentage difference between the average GPS measure and 

area given by farmer inquiry. It can be seen that percentage difference generally 

decreases as the parcel size increases. 

Figure 2.5.1.8.2: Percentage relative difference between the average GPS measure and 

area given by farmer inquiry 

 

 
 

Table 2.5.1.8.1: Area class wise unweighted average difference and average relative 

difference between parcel area as measured by GPS and farmer’s inquiry  

 

Area class 
Number of 

parcels 

Average difference 

between parcel area 

by GPS and farmer’s 

inquiry 

Average percentage 

relative difference 

between parcel area by 

GPS and farmer’s 

inquiry 

<= 0.1 ha 84 0.01 11.64 

> 0.1 ha & <= 0.2 ha 24 0.00 -2.30 

> 0.2 ha  & <= 0.3 ha 7 -0.01 -4.91 

> 0.3 ha 6 0.03 8.46 

Over all 121 0.00 7.76 

Table 2.5.1.8.1 gives area size class wise average difference and average 

relative difference between parcel area as measured by GPS and farmer’s 

inquiry. It is evident from the results that average relative difference between 

parcel area by farmer’s inquiry and GPS area depicts declining trend as the 

parcel size increases.  
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Table 2.5.1.8.2: Correlation matrix indicating unweighted correlation between Crop area 

by GPS, Crop area by Inquiry, Active family members and total number of family members 
 

Correlation GPS Inquiry Active members Total members 

GPS 1.00 0.98 0.23 0.13 

Inquiry 0.98 1.00 0.22 0.13 

Active members 0.23 0.22 1.00 0.70 

Total members 0.13 0.13 0.70 1.00 
 

 

Table 2.5.1.8.2 gives unweighted correlation matrix indicating correlation 

between Crop area by GPS, Crop area by Inquiry, Active family members and 

total number of family members. It can be seen that the correlation between 

crop area by GPS and crop area by Inquiry is very high. The correlation 

between Active family members and total number of family members with crop 

area by GPS and inquiry is poor. However, active family members exhibit high 

correlation with total number of family members. 

Table 2.5.1.8.3: Crop wise survey weighted regression estimator of Crop Area by GPS 

using Crop Area by Inquiry, Active family members and total number of family members 

as auxiliary variables 

 

Crop 

name 

Crop 

wise 

sample 

sizes 

Crop Area Estimates 

By GPS only 

 

Crop Area Estimates 

using total number of 

family members as 

auxiliary variables 

along with %CV 

Crop Area Estimates 

using active family 

members as auxiliary 

variables along with 

%CV 

Crop Area Estimates 

using Crop Area by 

inquiry as auxiliary 

variables along with 

%CV 

Crop Area 

Estimates 

(ha) 

%CV 

Crop Area 

Estimates 

(ha) 

%CV 

 

Crop Area 

Estimates 

(ha) 

 

%CV 

 

Crop Area 

Estimates 

(ha) 

 

%CV 

Dryland 

Paddy 
81 548.74 22.18 532.26 21.13 512.91 21.72 599.98 18.25 

Maize 41 180.08 21.59 180.32 19.40 183.93 19.03 262.42 13.26 

Wetland 

Paddy 
17 125.66 47.67 109.09 48.54 124.89 41.82 174.00 30.02 

Peanut 9 31.51 63.02 70.06 25.90 91.51 19.90 71.58 25.33 

Soybean 2 3.23 17.89 1.35 39.19 1.35 39.19 1.35 39.19 

Table 2.5.1.8.3 provides crop wise estimates of crop area by GPS, GPS using 

Crop Area by Inquiry, GPS and Active family members and GPS and total 

number of family members as auxiliary variables. It can be seen that generally 

the percentage CV of an estimator which uses farmer reported crop area as 

auxiliary variable is minimum. An estimator which does not use auxiliary 

information exhibits high percentage CV. It may also be seen that the 

percentage CV of all the estimators are higher than the prescribed percentage 
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CV for estimation at district level. This is attributable to the fact that small 

sample sizes were used in Indonesia for this study. 

Apportioning of crop mixture area among component crops in crop mixture was 

done using seed used and standard seed rate for normal crop (pure crop) 

provided by BPS, Indonesia. Though apportioning of crop mixture area into 

component crops was planned to be implemented through the method of 

physical observations, the same could not be implemented due to lack of 

sufficient data. Data on CCE was available for only 12 parcels of different 

crops including two parcels of two different crop mixtures. CCE data for the 

two mixtures was available for only one of the component crops. 

Crop yield estimation 

Figure 2.5.1.8.2 present scatter plots between crop yield by farmer's prediction, 

farmer's recall, CCE, whole field harvest and sampling of harvest units. It is 

quite clear that a high correlation exists between the study variables (CCE, 

SHU,bWFH) and the auxiliary variables except in one case i.e. CCE and 

famers’ predicted produce. 
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Figure 2.5.1.8.3: Scatter plots between main variables and auxiliary variables of crop yield 

measurements viz. crop yield by farmer's prediction, farmer's recall, CCE, whole field 

harvest and sampling of harvest units 

 

Various methods of crop yield estimation such as Crop Cutting Experiment and 

Sampling of Harvest Units etc. have been tested in Indonesia. These methods 

have been compared with the Gold Standard method i.e. Whole Field Harvest. 

For estimation purpose, double sampling regression estimators and linear 

regression estimator have been tried. Further, optimum values of sample sizes 

are given.  
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Table 2.5.1.8.4: Percentage relative differences between methods of Crop Cutting 

Experiment, Sampling of Harvest Units from Whole Field Harvest 

 

Crop name Number of parcels 

Percentage relative 

difference between 

CCE and  

whole field harvest 

Percentage relative 

difference between 

sampling of harvest 

unit and whole field 

harvest 

Dryland Paddy 10 178.083 ‒ 4.5203 

Wetland Paddy 2 46.122 ‒ 28.6894 

Data on yield was collected from 13 parcels for three different crops namely 

dryland paddy, wetland paddy and maize. There were 10, 2 and 1 parcels for 

dryland paddy, wetland paddy and maize, respectively. Table 2.5.1.8.4 gives 

average value of percentage relative difference between different crop yield 

estimation techniques like CCE and sampling of harvest units from the whole 

field harvest technique. Since there was only one observation for maize crop, it 

was discarded for comparison. It can be seen that the method of sampling of 

harvest unit consistently underestimates the crop production; the magnitude of 

underestimation varies from 4.5% to 28.7% while CCE technique overestimates 

crop production. The magnitude of overestimation ranges between 46.1 to 

178.1%.  

Table 2.5.1.8.5: Estimates of crop yield along with percentage CV using double sampling 

regression estimators involving different variables 

 

Estimators Auxiliary variable Estimates (Kg/ha) %CV 

Crop yield by CCE 
Farmer prediction of 

crop produce 
3250 25.84 

Crop yield by CCE 
Farmer crop recall of 

produce 
2390 34.96 

Crop yield by sampling 

of harvest units 

Farmer prediction of 

crop produce 
2087 24.14 

Crop yield by sampling 

of harvest units 

Farmer crop recall of 

produce 
1327 38.36 

Estimates of dryland paddy yield were obtained using CCE yield data as well as 

sampling of harvest units as the main variables and farmer crop prediction and 

recall of produce were taken as auxiliary variables. Accordingly, double 

sampling approach based regression estimates were obtained along with their 

percentage CVs. It may be seen that the magnitude of percentage CVs was least 

for the estimator in which the study variable was sampling of harvest units and 

the auxiliary variable used was farmer crop prediction of produce.         

Thus, by taking into account both the closeness of a measurement method to 
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whole field harvest as well as the criterion of percentage CV, the method of 

sampling of harvest unit along with farmer prediction of crop produce as 

auxiliary variable is recommended. However, these estimates are based on 

limited number of observations. Therefore, the recommended method may 

be tried on larger scale before an appropriate recommendation can be 

made.  

The analysis on crop yield presented above does not take into account the cost 

of data collection. But, the comparison of the double sampling regression 

estimator and the linear estimator is valid under same cost or same variance. In 

this study we minimize the cost for a fixed value of the variance of the 

estimator. For the purpose of comparison, the CV of the estimator was fixed at 

5% and ratio of cost incurred for data collection on the main variable to the cost 

incurred for data collection on the auxiliary variable was taken as 10 and 15. 

Thus, we considered two systems i.e. System I (double sampling regression 

estimator) and System II (linear estimator). For the purpose of comparison of 

system I vis-à-vis system II we considered a simple cost function as   

nmCmnCC 21  , 

where, 

C1      is the per unit cost of collecting data on auxiliary variable, 

C2      is per unit cost of collecting data on main variable. 

By minimizing the cost for a fixed value of variance (using Lagrangian 

multiplier technique), the optimum values of sample sizes, under system II, are 

given by 
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Under the system II, the optimum value of n say “n1” by minimizing cost for a 

given variance, (say) is given by  

2

0 0.0025 hdV Y   ; Or
2

0 01.0 hdYV   

0V

A
n


 . 

Using the formula given above the double sampling regression estimator was 

compared with linear estimator where the method of sampling of harvest unit 

was the main variable while the farmer predicted yield was taken as auxiliary 

variable. The values of m and mwere taken as 2 and 4 respectively. 

Table 2.5.1.8.6. Number of census blocks to be selected for farmer predicted dry land 

paddy yield and for sampling of harvest unit under system II over that of system I 

respectively and percentage reduction in cost in adopting of system II over that of system 

I for different values of cost ratios in the Gunung Kidul district for dry land paddy (5%) 

 

C2/C1=10 Percentage 

reduction in 

cost 

C2/C1=15 Percentage 

reduction in 

cost 
n n  n1 n n  n1 

10 153 175 7.21 8 132 173 20.14 

It is very clear from the above analysis that cheaper the cost of sampling the 

auxiliary variable vis-à-vis the main variable, greater the cost reduction in the 

double sampling regression estimator over the linear estimator. 

2.5.1.9. CHALLENGES ENCOUNTERED  

 Absence of relevant information on mixed and continuous cropping: 

In the absence of relevant information on variables, which can be used 

for identification of districts growing mixed and continuous crops, 

suitable districts could not be selected i.e. districts having adequate 

number of parcels growing mixed and continuous crops. For example, 

Cianjur district was one of the districts identified for data collection in 

Indonesia but the results of listing exercise undertaken in this study 

revealed that only one CB out of 20 selected CBs had parcels growing 

mixed crops. Similarly, in Gunung Kidul  district, the proportionate area 

under mixed crop was significantly less than the proportionate area 

under pure stand.  

 Financial constraints: The budget required for data collection could 

not be foreseen at the time of formulation of project proposal due to lack 
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of information on field testing countries resulting in inadequate 

budgetary provision. One of the consequences arising out of inadequate 

budgetary provision was that the field testing countries had to 

compromise on sample size. Thus, the sample sizes in both the districts 

were less than that required for reliable estimation of crop area and 

yield. Further, adequate supervision of field work could not be 

undertaken due to shortage of manpower in both the districts. Additional 

field visits due to different harvesting time for different crops in mixture 

further escalated costs. 

 Problems in data collection by CAPI: Use of CAPI software for data 

collection meant translation of questionnaire in local language. Thus 

only persons having adequate knowledge in CAPI could undertake this 

exercise unlike in PAPI where translation can be done by any person 

having knowledge of both English and local language. Trained 

supervisors/manpower at all levels are required for data collection 

through CAPI. Process of substitution of sampling units in data 

collection through CAPI is cumbersome. The survey in question 

involved determination of crop area and crop yield through alternative 

methods. Thus multiple visits were required for collection of data. This 

created implementation problems in CAPI resulting in data loss and 

more time for data collection. 

 Insufficient survey period for data collection: For adequately 

capturing continuous cropping pattern, data on one full agricultural year 

is required. However, in this study data collection was restricted to five 

months including listing of households. Due to this the problem of 

continuous cropping could not be studied in Indonesia.  

 Problems of area measurement by GPS: The study involved 

collection of  crop area as well as parcel area data by several methods 

including GPS. Many parts in both Cianjur and Gunung Kidul districts 

lay in hilly areas. The satellite connection in these areas was limited. 

This affected functioning of the GPS instruments.  

 Less duration of Survey period: In view of the short duration of the 

study, data on crop yield and production in many of the selected parcels 

could not be collected. As a result there was a drastic reduction in 

sample size for crop yield estimation. This could have been avoided to 

some extent had the harvesting date of plot been taken into account at 

the time of listing operation. 



39 
 

 Lack of rapport between farmer and enumerator: It was seen in 

some cases, in field testing countries, that the farmer harvested their 

crops without informing the enumerator due to one or the other reasons. 

This highlights the need for the enumerator to establish a good rapport 

with the farmer to avoid such instances of harvest prior to pre - specified 

date.  

 Dependence on ICAR-IASRI for sample selection: The field testing 

countries depended on ICAR-IASRI for selection of sample at various 

stages and phases for data collection on the variable crop area and crop 

yield which resulted in delays at times. Due to this data could not be 

collected in some parcels/fields on crop yield as farmers did the 

harvesting in their parcels/fields as per pre-specified date. 

 Diversion of enumerators: It was observed in field testing countries 

that the enumerators were entrusted with other duties besides the project 

work. This division of duties affected the field work of the project.  

 Low produce from some crops: In many cases it was observed that the 

farmer did not implement the method of sampling of harvest units. 

Parcel sizes are generally small in Indonesia.For crops like maize and 

soybean the method of sampling of harvest units is not applicable 

because of low level of produce from these crops. 

2.5.1.10. LESSONS LEARNT 

 Adequate budget provision: Adequate budget is a prerequisite for 

successful completion of any survey. It is, therefore, important to ensure 

that sufficient budget is provided for the different activities of the survey 

especially the field work of the survey. This highlights the need to get 

acquainted with the study area as well as infra structural facilities 

available with the executing agency for realistic formulation of budget. 

 Proper time line of activities: The activities related to conduct of 

survey should be planned and executed with proper time line. Executing 

agencies are expected to share information related to agricultural 

practices to be performed in the study areas so that time line for 

different activities can be planned appropriately. Agencies responsible 

for conduct of survey are expected to adhere to the time line for various 

activities planned under the project and thus their role is crucial in 

providing the required information well before time.  
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 Adequate survey period: Adequate survey period is perquisite for 

achieving the objectives of any study. In case of continuous cropping, 

one full agriculture year covering all the agricultural seasons is required 

to record the data on crop area and yield. 

 Supervision/monitoring at regular interval: A proper mechanism of 

supervision/monitoring is essential in order to ensure the data quality 

and implementation of timelines. Supervision of data 

collection/monitoring of field work must be done at regular interval at 

different levels by the agencies responsible for executing the survey 

work as well as coordinating agencies.  

 Adequate training of CAPI/GPS: For the purpose of data collection 

through CAPI, a proper training is essential at various levels i.e. 

headquarter, supervisors and enumerators. CAPI training of enumerators 

as well as supervisors in the field is desirable for proper data recording. 

Enumerators and supervisors need to be trained for handling the GPS 

device and recording the crop/parcel area by GPS instrument. 

 Staff for data collection: Arrangements should be made so that the 

enumerators involved in the project work are spared of other duties at 

the time of field work of the project.  

2.5.2. RWANDA 

2.5.2.1. INTRODUCTION 

Rwanda, officially the Republic of Rwanda, a sovereign state in central and east 

Africa and is one of the smallest countries on the African mainland.              

The area of Rwanda is 26,338 sq. km. It is the world's 149th largest country and 

the fourth smallest on the African mainland after Gambia, Swaziland, 

and Djibouti. It is located a few degrees south of the Equator. Rwanda is 

surrounded by Uganda, Tanzania, Burundi and the Democratic Republic of the 

Congo. Rwanda is geographically dominated by mountains in the west 

and Savanna in the east. Large number of lakes are found throughout the 

country. The population of Rwanda is 11.34 million (2014). The climate is 

temperate to subtropical. There are two rainy seasons and two dry seasons each 

year. Kigali, the capital city, is largest city of the country and situated at 

1°56.633′S 30°3.567′E.   

https://en.wikipedia.org/wiki/Central_Africa
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The population is predominantly rural, with a density that is highest in Africa. 

The economy is based mostly on subsistence agriculture. Coffee and tea are the 

major cash crops for export.   

Rwanda is divided into provinces, districts, cities, municipalities, 

towns, sectors, cells and villages. The five provinces are Northern 

Province, Southern Province, Eastern Province, Western Province and 

the Municipality of Kigali in the centre.  

Musanze district is one of the five districts of the Northern Province. Its capital 

city is Ruhengeri, which is also known as Musanze. Musanze district is located 

at 1°30'12.46"S, 29°37'57.11"E. The total area of Musanze district is 530 sq. 

km. and is divided into 15 sectors. These 15 sectors are divided into 68 cells. 

Each sector contains on an average 5 cells. There are 432 villages in Musanze 

district. The average number of villages per sector is 29. As per 2012 

population census, the population of Musanze district is 368,267.  The 

population density is 694 persons per square kilometer. 

2.5.2.2. MIXED AND CONTINUOUS CROPPING SITUATION IN THE  

             COUNTRY 

For field testing the developed methodology, National Institute of Statistics 

Rwanda (NISR), Rwanda identified Musanze district. The main food crops 

grown in the district are beans, maize, Irish potato and sorghum. Common crop 

mixtures in this district are maize with beans. 

2.5.2.3. SAMPLING FRAME 

The study was carried out in Musanze district in Rwanda. The district was 

divided into two strata for the purpose of data collection under the study. There 

are 196 EAs in first stratum and 6 EAs in second stratum. The size of an EA is 

approximately 100 hectare and it is divided into 20 segments each having 5 

hectare area. Further, a segment was divided into tracts which are 

owned/operated by the farmer for growing crops. For the survey work, a sample 

of 16 EAs was selected out of 196 EAs from stratum 1 and 4 EAs were selected 

out of 6 EAs from stratum 2 using PPSWR sampling, where agricultural area 

was the size measure. From each selected EA, two segments each were 

randomly selected by SRSWOR design and completely enumerated to identify 

the number of eligible tracts. 

 

https://en.wikipedia.org/wiki/Ruhengeri
https://en.wikipedia.org/wiki/Sectors_of_Rwanda
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2.5.2.4. SAMPLING DESIGN 

In Rwanda, area frame approach was used for survey work on crop area and 

crop yield. In this study, a stratified two stage random sampling design with 

two phases at each stage of sampling was employed for selection of sample. 

The district Musanze, identified for the study, was divided into two strata. 

Within a stratum, in the first phase, a large sample of EAs was selected 

randomly using PPSWR sampling (large sample, first phase, first stage). 

Within a selected EA, two segments (large sample, first phase, second stage) 

were randomly selected by SRSWOR for data collection on the variables self-

reported tract area/crop area, seed used, family size, number of active family 

members, etc. In the second phase, from already selected large sample of EAs, 

a sub-sample of EAs (small sample, second phase, first stage)  was randomly 

selected by SRSWOR, within each selected EA, two already selected  segments 

(large sample, second phase, second stage)  in the first phase were used for 

data collection on the variable tract area/crop area by GPS. It is important to 

note that data collection in the selected segments was restricted to eligible 

tracts. An eligible tract was defined as one growing at least one study 

crop/study crop grown mixed with other study crops/study crops grown mixed 

with other crops.  Thus, an eligible tract under the study was one growing at 

least one of the crops i.e. maize, beans, Irish potato and sorghum either as pure 

or mixed with each other/with other crops. Like in case of Indonesia, domain 

estimation approach was used for estimation of crop area of crops/mixtures. 

For the purpose of crop yield estimation, from the already selected EAs, in the 

first phase, a sub sample of EAs was randomly selected by SRSWOR (large 

sample, first phase, first stage) and within each selected EA, a random sample 

of parcels (large sample, first phase, second stage) was selected by SRSWOR 

for data collection on the variable farmer prediction of crop produce and farmer 

recall. In the second phase, from the already selected EAs, a sub-sample of EAs 

(small sample, second phase, first stage) was selected by SRSWOR and from 

the already selected tracts a random sub-sample of eligible tracts was randomly 

selected by SRSWOR (small sample, second phase, second stage) for data 

collection on the variables crop yield (CCE), sampling of harvest units, whole 

field harvest, expert assessment of crop produce. A plot of specified size and 

shape was randomly selected for crop cutting experiment in the selected 

tract/field.  

The area for component crops was obtained by apportioning using fixed ratio 

approach based on physical observations /seed used. The data was collected 

using PAPI method. 
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Figure 2.5.2.4.1. Sampling design for crop area estimation for mixed cropping when            

Area Frame is available 

 

Sampling design for crop yield estimation for mixed cropping when                

area frame is available 

 

  



44 
 

2.5.2.5. DESCRIPTION OF SAMPLES FOR DATA COLLECTION                 

             (EACH QUESTIONNAIRE AND # ENUMERATED) 

Musanze district was identified for data collection by NISR, Rwanda. Area 

frame approach was adopted for the purpose of data collection.  As can be seen 

from Table 2.5.2.5.1 a representative sample of 34 EAs was selected out of 202 

EAs for carrying out listing operation to determine the eligible tracts. There are 

196 and 6 EAs in the two strata while the corresponding sample break up was30 

and 4.All eligible tracts i.e. tracts growing study crops or their mixtures or study 

crop grown mixed with other crops in the selected segments were enumerated 

using questionnaire-2.Maize, climbing beans, sweet potato, their mixture, 

including mixtures with other crops were considered for data collection 

purpose. Data on crop area was collected in all the 40% randomly selected 

eligible tracts in selected segments of selected EA using questionnaire-3. 

Accordingly, information on family size, number of active family members, 

seed used and parcel area as well as sown area of the parcel by map under crop / 

crop mixture in all the parcels of the 957 selected tracts was collected by 

inquiry from any knowledgeable family member of the parcel (Say 

Respondent). A sub-sample of 15 EAs was selected from already selected 

34EAs and within each selected EA, data were collected on the variables like 

enumerator self-reported area, parcel area and sown area of  the parcel by GPS 

under crop / crop mixture in all the parcels of 439 selected tracts. The variable 

Enumerator self-reported area has been removed from the data analysis since 

GPS data was also collected by the same enumerator. Further, the crop / crop 

mixture wise tracts/parcels measured by GPS were re-tabulated using 

questionnaire-4. Using the crop / crop mixture wise re-tabulated tracts, a sample 

of 14EAs was selected and within the selected EAs, crop / crop mixture wise 

200 tracts were selected for data collection on crop produce prediction and crop 

produce recall using questionnaire-5A and 5B respectively. From the already 

selected EAs, a sub sample of 10EAs was selected and within the selected EAs 

from the already selected tracts a sub sample of 32 tracts was randomly selected 

for data collection on the variables crop yield (CCE), sampling of harvest units, 

whole field harvest, expert assessment of crop produce using CCE 

questionnaire-1 and 2. 

 

 

 

 

 

 



45 
 

Table 2.5.2.5.1. Stratum wise total number of EAs and segments, Number of Selected EAs 

and selected segments in selected EA and number of eligible and selected tracts within 

selected segments and Selected EAs in different phases  
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1 196    30 1061 59 2349 12(24) 11 8 814 349 179 25 

2 6 4 132 7 403 3(5) 3 2 143 90 21 7 

Total 202 34 1193 66 2752 15(29) 14 10 957 439 200 32 

 

2.5.2.6. PERIOD OF DATA COLLECTION 

The data on crop area, yield and production was collected from January to 

March, 2016.The listing exercise was completed in the month of January 2016. 

Data collection on the different variables was carried out during February to 

March, 2016. 

2.5.2.7. METHODS OF DATA COLLECTION 

Data collection in Rwanda was carried out through Paper Assisted Personal 

Interviewing (PAPI) method. Thus, the questionnaires were designed for data 

collection by PAPI method. Questionnaires wise instruction manual was 

prepared for data collection for the benefit of field enumerators. Training was 

imparted to one master trainer in India during August 31 to September 04, 

2015. The master trainer, in turn, imparted training to supervisors and 

enumerators identified for data collection in the presence of some of the project 

team members of ICAR-IASRI in Musanze district. The NISR, Kigali, Rwanda 

is the designated agency for collection of agricultural statistics, conducting 

major censuses and surveys and dissemination of all official statistics in the 

country. In view of its expertise in agricultural statistics, NISR, Rwanda was 

identified as the nodal agency for data collection work under this study.  
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2.5.2.8. RESULTS AND DISCUSSION 

Crop area estimation 

Among the three field testing countries the Map method of determination of 

crop area is unique to Rwanda. The method involves preparation of Ortho photo 

and/or satellite imagery and identification of segments. Enumerator goes to 

every plot in the segment and draws the plot on the map. Sometimes plot 

boundary is visible and is drawn easily on the map, but in most cases 

enumerators use measuring tape to measure the size of the plot and using the 

map scale he draw the plot on the map. To draw plots accurately, the method of 

triangulation can be used. Screening is required before digitalization of maps. 

The area of the plot can be calculated from digitalized maps by using any GIS 

software. In what follows, some of the salient field testing results pertaining to 

crop area are given. 

The parcel area as measured through GPS ranged from 0.0004 ha to 0.3522 ha 

while by farmer’s inquiry the variation was from 0.0012 ha to 0.400 ha. Thus, 

the parcel area in Rwanda is much smaller than parcel area in Indonesia.  

Figure 2.5.1.8.1. presents scatter plot between area of parcel measured by GPS 

and Map. It can be observed that area of parcel measured by GPS and Map are 

almost linearly related, the magnitude of R2 is equal to 0.898. 

Figure 2.5.2.8.1. Scatter plot indicating area of parcel by MAP vs GPS 
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Figure 2.5.2.8.1 shows the percentage relative difference in parcel area recorded 

by Map as well as GPS in Musanze district. It is quite clear that as the area by 

MAP increases the percentage relative difference between GPS and MAP area 

decreases.  

Figure 2.5.2.8.2. Percentage relative difference between the average GPS measure and 

area by Map in Musanze district. 

 

Table 2.5.2.8.1. Area class wise unweighted average relative difference between parcel 

area as measured by GPS and Map  

 

Area class Number of parcels 
Average difference 

between Map & GPS 

Average relative 

difference between 

Map & GPS 

<= 0.1 ha 518 0.007865 40.6004 

>0.1 & <=0.2 ha 46 0.000338 -0.1167 

>0.2 & <= 0.3 ha 7 0.005795 2.484 

>0.3 ha 4 -0.02582 -7.746 

All 575 0.007003 36.5427 

It is evident from the results of Table 2.5.2.8.1 that average relative difference 

between Map area and GPS area declines as the parcel size increases. 

Table 2.5.2.8.2 gives the correlation matrix between Crop area by Map, GPS, 

number of family members and active family members of the farmer. It is clear 

that the GPS measured area and Map areas are highly correlated. However, the 

variables number of family members and active family members exhibit poor 

correlation among themselves as well as with GPS and Map area. 
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Table 2.5.2.8.2. Correlation matrix indicating unweighted correlation between Crop area 

by Map, crop area by GPS, number of family members and active family members 

  

 
MAP GPS Family member 

Active family 

member 

MAP 1.00 0.95 0.08 -0.02 

GPS 0.95 1.00 0.09 -0.02 

Family member 0.08 0.09 1.00 0.92 

Active family 

member 
-0.02 -0.02 0.92 1.00 
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Table 2.5.2.8.3: Survey weighted double sampling approach based estimators as well as simple linear estimators of crop area along 

with their percentage CVs 

 

Crop name 

Crop Area Estimates along with %CV Crop Area regression Estimates along with %CV 

By GPS only By Map only 
using Map as auxiliary 

variable 

using Total family 

member as auxiliary 

variable 

using Active member as 

auxiliary variable 

Crop 

Area 

Estimates 

(ha) 

%CV 

Crop 

Area 

Estimates 

(ha) 

%CV 

Crop Area 

Estimates 

(GPS) 

(ha) 

%CV 

Crop Area 

Estimates 

(GPS) 

(ha) 

%CV 

Crop Area 

Estimates 

(GPS) 

(ha) 

%CV 

CLIMBING 

BEANS 
4790.81 22.59 5560.33 22.35 4125.51 17.2 4173.76 25.76 4302.52 24.98 

MAIZE 13169.02 24.7 15652.88 23.64 11182.26 23.83 11954.39 27.15 12019.59 27 

SWEET 

POTATOES 
168.95 63.32 207.35 55.16 144.33 47.59 148.17 71.95 144.51 73.76 
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Table 2.5.2.8.3 gives double sampling approach based estimators as well as 

simple linear estimators of crop area along with their percentage CVs. It may be 

seen that the regression estimator involving GPS based crop area as the 

dependent variable and Map based crop area as auxiliary variable is the most 

reliable. The performance of double sampling approach based estimators 

deteriorates when GPS is used as dependent variables and family members, 

active number of family members are used as auxiliary variables. Surprisingly, 

the regression estimators in the two cases perform poorly compared to 

estimators based only on GPS based crop area and enumerator self-reported 

crop area. Small sample size observed in the survey coupled with not so high 

quality data explains the surprising results. Small sample sizes also explain the 

high percentage CVs in all the estimates- these vary from moderately high to 

very high. 

Crop yield estimation 

Various methods of crop yield estimation such as Crop Cutting Experiment and 

Enumerators assessment of crop produce etc. have been tested in Rwanda. 

These methods have been compared with the Gold Standard method i.e. Whole 

Field Harvest. For estimation purpose, double sampling regression estimators 

and linear regression estimator have been tried. Further, optimum values of 

sample sizes are given.  

Figure 2.5.2.8.3 presents scatter plots between crop yield by farmer's prediction, 

farmer's recall, CCE, whole field harvest and enumerator’s self-assessment of 

produce. It can be seen that there exists a near linear relationship between crop 

yield by whole field harvest (WFH), Enumerator assessment of produce (EAP) 

and crop produce by farmer recall area. Correlations in other cases are not so 

strong. 
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Figure 2.5.2.8.3. Scatter plots between crop yield by farmer's prediction, farmer's recall, 

CCE, whole field harvest and enumerator’s self-assessment of produce 
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Table 2.5.2.8.4. Unweighted percentage relative differences between methods of Crop 

Cutting Experiment (CCE), Enumerators assessment of produce (EAP) from Whole Field 

Harvest (WFH) 

 

Crop mixture name Number of parcels 

Percentage relative 

difference between 

CCE&WFH 

Percentage relative 

difference between 

EAP&WFH 

Over all 32 -13.107 -8.4813 

Climbing beans 8 35.946 34.3611 

Maize 21 186.267 -6.7739 

 

Table 2.5.2.8.4 gives Percentage relative differences between methods of Crop 

Cutting Experiment, Enumerators assessment of produce from Whole Field 

Harvest. Between the CCE and enumerators assessment of crop produce 

methods, the enumerators’ assessment of crop produce method is closer to the 

whole field harvest. 

Table 2.5.2.8.5. Correlation Matrix indicating unweighted correlation between 

Enumerators Assessment of crop produce, Crop cutting experiment produce, farmer 

prediction and farmer recall of produce 

 

Variables 
Yield by 

CCE 

Yield by 

Enumerators 

Assessment  

Yield by 

farmer 

prediction 

Yield by 

farmer recall 

Yield by CCE 1.00 0.72 0.59 0.42 

Yield by Enumerators Assessment  0.72 1.00 0.90 0.87 

Yield by farmer prediction 0.59 0.90 1.00 0.89 

Yield by farmer recall 0.42 0.87 0.89 1.00 

Table 2.5.2.8.5 gives the correlation matrix between Enumerator assessment of 

crop produce, crop yield by crop cutting experiment, farmer predicted crop 

yield and crop yield obtained through farmer recall method. The variable 

Enumerator assessment of crop produce is highly correlated with farmer 

predicted crop yield and crop yield through farmer recall method. Crop cutting 

experiment exhibits moderately high correlation with farmer predicted crop 

yield and crop yield through farmer recall. High correlation is observed 

between farmer predicted crop yield and crop yield through farmer recall. 
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Table 2.5.2.8.6. Survey weighted estimates of crop yield along with percentage CV using simple estimators and double sampling regression 

estimators  involving different variables 

 

Crop mixture 

name 

Crop 

name 

Crop yield by 

CCE 

Crop yield by 

Enumerators 

Assessment of 

produce 

Crop yield by CCE 

 

Crop yield by Enumerators Assessment 

of produce 

 

Farmer prediction 

of crop produce as 

auxiliary variables 

Farmer recall of 

crop produce as 

auxiliary variables 

Farmer prediction 

of crop produce as 

auxiliary variables 

Farmer recall of 

crop produce as 

auxiliary variables 

Est. 

(kg/ha) 
%CV 

Est. 

(kg/ha) 
%CV 

Est. 

(kg/ha) 
%CV 

Est. 

(kg/ha) 
%CV 

Est. 

(kg/ha) 
%CV 

Est. 

(kg/ha) 
%CV 

Climbing 

beans 

Climbing 

beans 
338.2 60.3 565.1 24.2 425.3 40.7 513.2 33.7 623.6 18.6 682.6 16.9 

Maize Maize 2181 19.6 812.8 21.0 2014.2 20.3 2061.6 20.7 691.5 21.1 580.0 28.2 

Climbing 

Beans+maize 
Maize 232.5 70.6 308.7 89.1 258.3 55.7 286.5 49.3 353.5 67.4 403.7 57.5 
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Table 2.5.2.8.6 give estimates of crop yield through Enumerator assessment of 

crop produce and the crop cutting experiment. Both simple and double 

sampling approach based regression estimators are considered for this purpose 

wherein farmer predicted yield and crop yield through farmer recall are taken as 

auxiliary variables. The double sampling approach based regression 

estimator is recommended here when Enumerator assessment of crop 

produce is taken as main variable while crop produce through farmer 

recall method is taken as auxiliary variable. Both the simple and the double 

sampling approach based estimates exhibit high degree of percentage CVs 

highlighting the need to observe larger sample for estimation purpose. The not 

so good performance of double sampling regression estimator vis-à-vis the 

linear estimator in maize crop is attributable to small sample sizes used coupled 

with high variability in the data. 

The analysis on crop yield presented above does not take into account the cost 

of data collection. But, the comparison of the double sampling regression 

estimator and the linear estimator is valid under same cost or same variance. In 

this study we minimize the cost for a fixed value of the variance of the 

estimator. For the purpose of comparison, the CV of the estimator was fixed at 

5% and ratio of cost incurred for data collection on the main variable to the cost 

incurred for data collection on the auxiliary variable was taken as 10 and 15. 

The cost function used here is same as in case of Indonesia. The optimum 

values of sample sizes are obtained using the same formulae as in case of 

Indonesia. 

Table 2.4.2.8.7. Number of enumeration areas to be selected for farmer recall of crop 

produce and for enumerator assessment of produce under system II over that of system I 

respectively and percentage reduction in cost in adopting system II over that of system I 

for different values of cost ratios in the Musanze district for Climbing beans, Climbing 

beans and Maize at 5% CV 

 

c2/c1=5 Percentage 

reduction 

in cost 

c2/c1=10 Percentage 

reduction 

in cost 

c2/c1=15 Percentage 

reduction 

in cost 

n n’ n1 n n’ n1 n n’ n1 

Climbing Beans 

3 69 92 66.67 2 72 92 81.99 2 74 92 87.29 

Maize 

54 590 837 65.35 41 635 837 79.89 36 670 837 85.07 
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Table 2.5.2.8.7 gives the optimum value of sample sizes as well as percentage 

reduction in cost in using the double sampling based regression estimator over 

linear estimator by minimizing the cost and fixing the CV value at 5%.                    

The optimum value of sample sizes and percentage reduction in cost are 

determined for different values cost ratios of observing study variable vis-à-vis 

the auxiliary variables. Here also, like in case of Indonesia, cheaper the cost of 

sampling the auxiliary variable vis-à-vis the main variable, greater the cost 

reduction in the double sampling regression estimator over the linear estimator. 

2.5.2.9. CHALLENGES ENCOUNTERED 

 Lack of representative sample for data collection: An area frame 

approach was used in Rwanda for estimation of various parameters. 

Thus, the district was divided into EAs and only one segment of area 5 

hectare was demarcated initially in an EA for data collection purpose. 

Selection of one segment in an EA was found unrepresentative of an 

EA. NISR agreed to undertake the data collection in two segments per 

selected EA. Data collection at the rate of two segments per selected EA 

was also observed inadequate considering the heterogeneity in small 

holder farming system. 

 Problems in data collection by PAPI: Due to procurement delays the 

data collection work could not be undertaken through CAPI. There were 

inherent weaknesses in data collection through PAPI,i.e.it wasnot 

possible to introduce validation checks, data collection process was time 

consuming, data entry errors, cost and time aspect of digitization of 

data.   

 Insufficient survey period for data collection: For adequately 

capturing continuous cropping pattern data collection for one full 

agricultural year is desirable. Data collection in this studywas restricted 

to five months including listing of segments. Due to this the problem of 

continuous cropping could not be studied in Rwanda.  

 Problems of area measurement by GPS: In this study it was proposed 

to collect crop area data by several methods including GPS. Due to 

weak satellite connectivity, it became difficult to take reading through 

GPS. Thus the enumerators had to wait for a long time for taking 

observations. Further, many parts in Musanze district lay in hilly areas. 

The satellite connection in these areas was also limited. This affected 

functioning of the GPS instruments. Therefore, in these areas the quality 
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of data collected on crop area was not up to the mark. Besides, 

inaccessibility of some areas meant that data could not be collected in 

these areas. Sometime it was not possible to measure plot area due to 

flood. 

2.5.2.10. LESSONS LEARNT 

 An adequate survey period: An adequate survey period is expected to 

ensure proper testing and validation of the developed methodology for 

estimation of crop area, yield and production under mixed and 

continuous cropping. In case of continuous cropping, one full 

agriculture year covering all the agricultural seasons is necessary to 

record the data on crop area and yield. 

 Gold standard: Provision may be made at the planning stage for data 

collection on gold standard like whole field harvest in crop yield 

estimation and GPS method for area measurement. It would facilitate 

comparison of proposed methods against the gold standard for making 

proper recommendations. 

2.5.3. JAMAICA 

2.5.3.1. INTRODUCTION 

Jamaica is the third largest island in the Caribbean. It lies between 

latitudes 17° and 19°N, and longitudes 76° and 79°W. Mountains, including 

the Blue Mountains, dominate the island. These are surrounded by a narrow 

coastal plain.                                                                                                          

Important towns and cities in the country include the capital Kingston on the 

south shore, Portmore, Spanish Town, Mandeville, Ocho Ríos, Port Antonio,  

Negril, and Montego Bay on the north shore. Jamaica has an area of 10,990 

square kms. It lies about 145 kms south of Cuba and 191 kms west 

of Hispaniola. It has a population of 2.8 million which makes it the third most 

populous Anglophone country in the Americas. The climate in Jamaica is 

tropical with hot and humid weather, although higher inland regions are more 

temperate. Kingston (17°59′N 76°48′W) is the country's capital and largest city 

with a population of 937,700.  Agriculture production contributes significantly 

to Jamaica's economy; about 25 percent population derives its livelihood from 

agriculture. Some of the major crops grown in Jamaica are sugarcane, banana, 

coffee, spices, pimentos, cocoa, citrus, coconut, sweet potato, onion, Irish 

potato and yam. In addition to cash crops, Jamaica also produces a wide variety 

https://tools.wmflabs.org/geohack/geohack.php?pagename=Jamaica&params=17_59_N_76_48_W_type:city
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of produce for domestic consumption. Agriculture in Jamaica depends upon the 

region's tumultuous weather, seasonal hurricanes and occasional drought.  

 

2.5.3.2 MIXED AND CONTINUOUS CROPPING SITUATION IN THE  

            COUNTRY 

For field testing the developed methodology, Ministry of Agriculture and 

Fisheries (MoAF), Government of Jamaica identified a study area comprising 

of four Extension Areas (EAs). The main food crops grown in the study area 

are Irish potato, sweet potato and yellow yam. Common crop mixtures in this 

study area observed were only Yellow Yam with Irish potato and Yellow yam 

with carrot. 

2.5.3.3. SAMPLING FRAME 

The study was carried out in a study area comprising of five Extension Areas 

(EAs) in Jamaica namely Albert Town, Christiana, Comfort Hall, Lowe River 

and Warsop. These five Extension Areas were considered as strata for the 

purpose of sample selection and data collection under the study. There were 38, 

78, 30, 109 and 41Enumeration Districts (EDs) in first, second, third, fourth and 

fifth stratum, respectively.  

2.5.3.4. SAMPLING DESIGN 

In Jamaica, farmers are owner of parcels used for cultivation of crops; 

therefore, a household approach was considered most appropriate for data 

collection. In this study, a stratified two stage random sampling design with two 

phases at each stage of sampling was employed for selection of sample. The 

identified study area was divided into four strata. Within a stratum, in the first 

phase, a large sample of EDs was selected randomly using PPSWR sampling 

(large sample, first phase, first stage). Within a selected ED, farmer 

households were randomly selected by SRSWOR (large sample, first phase, 

second stage) for data collection on the variables self-reported parcel area/crop 

area, seed used, family size, number of active family members etc. In the 

second phase, from already selected large sample of EDs, a sub-sample of EDs 

was randomly selected by SRSWOR (small sample, second phase, first 

stage), within each selected ED, from the already selected farmer households, a 

sub-sample of farmer households was selected by SRSWOR (small sample, 

second phase, second stage) for data collection on the variable parcel area/crop 

area by GPS. It is important to note that the data collection was restricted to 

eligible household. An eligible household was one growing at least one study 

crop/study crop grown mixed with other study crops/study crops grown mixed 
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with other crops.  Thus, an eligible household under the study was one growing 

at least one of the crops i.e. Irish potato, yellow yam and sweet potato either as 

pure or mixed with each other/with other crops in at least one parcel. Like in 

case of Indonesia and Rwanda, domain estimation approach was used for 

estimation of crop area. 

For the purpose of crop yield estimation, in the first phase, from the already 

selected EDs, a sub sample of EDs was randomly selected by SRSWOR (large 

sample, first phase, first stage) and within each selected ED, a random sample 

of parcels was selected by SRSWOR (large sample, first phase, second stage) 

for data collection on the variable farmer prediction of crop produce and farmer 

recall. In the second phase, from the already selected EDs, a sub-sample of EDs 

was selected by SRSWOR (small sample, second phase, first stage) and from 

the already selected parcels a random sub-sample of eligible parcels was 

randomly selected by SRSWOR (small sample, second phase, second stage) 

for data collection on the variables crop yield (CCE), sampling of harvest units, 

whole field harvest, expert assessment of crop produce. A plot of specific size 

and shape was randomly selected for crop cutting experiment in the selected 

parcel/field.  

The area for component crops was obtained by apportioning using seed used. 

The data was collected using CAPI and PAPI method. 

Figure 2.5.3.4.1. Sampling design for crop area estimation for mixed cropping using 

household approach 
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Figure 2.5.3.4.2. Sampling design for crop yield estimation for mixed cropping using 

household approach 

 

2.5.3.5. DESCRIPTION OF SAMPLES FOR DATA COLLECTION                 

             (EACH QUESTIONNAIRE AND # ENUMERATED) 

Information on profile of randomly selected Enumeration Districts was 

collected using questionnaire-1 (C-3). As can be seen in Table 2.5.3.5.1, a 

representative sample of 43 EDs was selected out of 296EDs. Listing of parcels 

in each selected ED was carried out using quetionnnair-2(C-3). All households 

in the selected EDs were enumerated using questionnaire-2 for identification of 

eligible households. An eligible household is one growing study crops or their 

mixtures or study crop grown mixed with other crops. Thus, Irish potato, sweet 

potato and yellow yam, their mixture, including mixtures with other crops were 

considered for data collection purpose. The EDs having less than 10 eligible 

farmers were rejected for area enumeration. From the remaining 26 EDs, 

sampling of eligible farmers was carried out. Data on crop area was collected 

from all the selected households using questionnaire-3. Accordingly, 

information on family size, number of active family member, seed used, self-

reported area under crop / crop mixture in all the parcels owned/operated by the 

farmer household was collected by inquiry from any knowledgeable family 

member (Say Respondent). From the already selected sample, a sub-sample of 

21EDs out of 26EDs was selected and within each selected EDs, data was 

collected on the variable parcel area/crop area by GPS in a sub sample of 

households from already selected farmer households. Further, the crop / crop 

mixture wise parcels measured by GPS were re-tabulated using questionnaire-4. 

Using the crop / crop mixture wise re-tabulated parcels, a sample of 18EDs was 

selected and within the selected EDs crop / crop mixture wise 101parcels were 
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selected for data collection on crop produce prediction and crop produce recall 

using questionnaire-5A and 5B respectively. From the already selected EDs, a 

sub sample of 14EDs was selected and within the selected EDs from the already 

selected parcels a sub sample of 70parcels was randomly selected for data 

collection on the variables crop yield (CCE), sampling of harvest units, whole 

field harvest, expert assessment of crop produce using CCE questionnaire-1 and 

2. 

Table 2.5.3.5.1. Extension Area wise, Number of Enumeration Districts, surveyed 

Enumeration Districts, selected Enumeration Districts and selected Households within 

selected Enumeration Districts for data collection on crop area and yield in different 

phases 
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Albert Town 38 8 165 4 4 3 2 46 28 28 17 

Christiana 78 10 315 8 5 4 4 85 29 22 19 

Comfort Hall 30 6 87 4 4 3 2 25 16 8 4 

Lowe River 109 9 137 6 4 4 4 70 30 29 24 

Warsop 41 10 437 4 4 4 2 26 15 14 6 

Total 296 43 1141 26 21 18 14 252 118 101 70 

 

Table 2.5.3.5.1 gives extension area wise total number of Enumeration districts, 

Number of Enumeration districts selected for listing, total number of eligible 

households, selected eligible households within the selected enumeration 

district for data collection on the variables number of family members, number 

of active family members, crop area by farmer enquiry, crop area by GPS, 

farmer assessment and recall of crop produce as well as crop yield by crop 

cutting experiment. It may be seen that there are 1141 eligible households. 

From the 1141 eligible households, 252 eligible households were selected for 

data collection on crop area by enquiry, while 118 eligible households were 

selected for data collection on crop area by GPS. Further, 101 eligible 

households were selected for crop produce assessment by farmer prediction and 

farmer recall and 70 parcels were selected for CCE, SHU. 



61 
 

2.5.3.6. PERIOD OF DATA COLLECTION 

Period of data collection was March to May, 2016. The listing exercise was 

completed in the month of March, 2016. Data collection on the different 

variables was carried out during April to May, 2016. 

2.4.3.7. METHODS OF DATA COLLECTION 

Data on crop area and yield were collected using CAPI and PAPI method in the 

identified study area. The listing exercise was carried out using CAPI. 

Approximately half of the sampled data was collected by CAPI while the 

remaining data was collected using PAPI method.  

The data collection in Jamaica in the study area was restricted to three crops i.e. 

Yellow Yam, Irish Potato, Sweet Potato, their mixture and mixtures of these 3 

crops with other crop(s).  

2.4.3.8. RESULTS AND DISCUSSION 

Various methods of crop area estimation have been tried in this study in 

Jamaica. Table 2.5.3.8.1 gives Extension area wise total number of enumeration 

districts along with enumeration district selected for inquiry based and GPS 

based crop area determination. 

Table 2.5.3.8.1. Extension area wise total number of enumeration districts along with 

enumeration district selected for inquiry based and GPS based crop area measurement 

 

Extension area 
Total number of ED 

(Nh) 

Large sample 

(Inquiry) 

Small sample 

(GPS) 

Albert Town 38 4 4 

Christiana 78 8 5 

Comfort Hall 30 4 4 

Lowe River 109 6 4 

Warsop 41 4 4 

 
296 26 21 

Out of a total of 296 enumeration districts in study area, 26 are selected for 

inquiry based data collection on crop area while 21 enumeration districts are 

selected for GPS measurement based data collection. 
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Table 2.5.3.8.2. Extension area wise number of households observed for listing, eligible 

households, and number of households selected for area enumeration and parcels 

selected for crop yield estimation 

 

Extension area 

Number 

of 

surveyed 

HHs for 

listing 

Number 

of 

eligible 

HH 

Number of Selected HHs/parcels 

Area (HH) Yield (Parcel) 

Large 

sample 

(Inquiry) 

Small 

sample 

(GPS) 

Large 

sample 

(5A and eye 

estimate) 

Small sample 

(CCE, SHU*) 

Albert Town 165 165 46 28 5,5 5,5 

Christiana 438 437 85 29 14,13 13,14 

Comfort Hall 137 137 25 16 2,2 2,2 

Lowe River 316 315 70 30 5,4 5,5 

Warsop 87 87 26 15 4,4 4,3 

total 1143 1141 252 118 30,28 29, 29 

 

*Sampling of harvest units 

Table 2.5.3.8.2.  gives Extension area wise number of households observed for 

listing, eligible households, and number of households selected for area 

enumeration and parcels observed for crop yield estimation. Out of 1143 listed 

households, 1141 were found eligible. A sample of 252 households was 

selected for inquiry based crop area determination, while a sample of 118 HHs 

was selected for GPS based crop area determination. For crop yield estimation, 

farmer predicted data was collected on 30 parcels, eye estimated data on the day 

of harvest on 28 parcels, while crop cutting experiment data and sampling of 

harvest unit data was collected on 29 parcels. 
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Table 2.5.3.8.3. Category-wise Average relative difference between parcel area 

measurement through GPS and farmer inquiry as well as Average relative difference 

between sown area measurement through GPS and farmer inquiry 

 

Area size class 

Number 

of 

parcels 

Average 

difference in 

Parcel area 

and farmers 

inquiry 

Average 

percentage 

relative 

difference in 

Parcel area 

and farmers 

inquiry 

Average 

difference in 

Sown area and 

farmers 

inquiry 

Average 

percentage 

relative 

difference in 

Sown area and 

farmers 

inquiry 

Over all 138 0.29 75.77 0.12 31.53 

<= 1 ha 98 0.31 99.54 0.14 38.66 

>1 ha & <= 2 

ha 
16 0.50 36.29 0.10 15.38 

>2 ha & <= 3 

ha 
11 0.38 16.02 0.05 9.43 

> 3 ha 13 -0.18 -4.30 0.07 17.87 

A close look at Table 2.5.3.8.3 reveals that average relative difference in parcel 

area and sown area between GPS and farmer inquiry decreases as parcel area 

and sown area increase. The difference between GPS and farmer inquiry are 

narrower for sown area. 

The parcel area in the study area in Jamaica is bigger than parcel area in 

Gunung Kidul district of Indonesia and Musanze district of Rwanda. The parcel 

area as measured through GPS ranged from 0.06 ha to 6.50 ha, while by 

farmer’s inquiry the variation was from 0.1 ha to 8.0 ha.  

Figure 2.5.3.8.1 presents scatter plot between area of parcel measured by GPS 

and Farmer’s inquiry. It can be observed that like in Indonesia relationship 

between areas of parcel measured by GPS and Farmer’s inquiry is nearly linear, 

the magnitude of R2 is equal to 0.741. 
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Figure 2.5.3.8.1. Scatter plot indicating area of parcel by farmer’s inquiry vs GPS  

 

Figure 2.5.3.8.2.  presents scatter plot between sown area of parcel measured by 

GPS and Farmer’s inquiry. It can be observed that, as in case of parcel area here 

also a near linear relationship exists between sown area of parcel measured by 

GPS and Farmer’s inquiry, the magnitude of R2 is equal to 0.798.  

Figure 2.5.3.8.2. Scatter plot indicating sown area of parcel by farmer’s inquiry vs GPS  

 

Figure 2.5.3.8.3 presents percentage relative difference between the average 

GPS measure and area given by farmer inquiry. It can be seen that percentage 

relative difference decreases as the parcel size increases.  

The sown area as measured through GPS varied from 0.03 ha to 5.56 ha while 

by farmer’s inquiry the variation was from 0.2 ha to 6.0 ha. Figure 2.5.3.8.4 

shows the percentage relative difference in sown area recorded by farmer’s 
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inquiry as well as GPS on 138 parcels in the study area in Jamaica. Like in case 

of parcel area, here also the percentage relative difference decreases as the 

farmer’s reported sown area increases.  

Figure 2.5.3.8.3. Percentage relative difference between the parcel area recorded by 

farmer inquiry and GPS in the study area in Jamaica. 

 

Figure 2.5.3.8.4. Percentage relative difference between the sown area recorded by farmer 

inquiry and GPS in the study area in Jamaica. 
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Table 2.5.3.8.4. Correlation matrix indicating unweighted correlation between total family 

members, active family members, parcel area by inquiry and parcel area by GPS 

 

Variable 
Total family 

member 

Active family 

member 

Area by 

inquiry 

Area by 

GPS 

Total family 

member 
1.00 0.58 -0.03 -0.03 

Active family 

member 
0.58 1.00 0.03 -0.04 

Area by inquiry -0.03 0.03 1.00 0.86 

Area by GPS -0.03 -0.04 0.86 1.00 
 

 

Table 2.5.3.8.4 gives the correlation matrix between total family members, 

active family members, parcel area by inquiry and parcel area by GPS. High 

correlation is found between parcel area by GPS and enquiry based parcel area. 

Total number of family members and active family members exhibit poor 

correlation with GPS and enquiry based parcel area. Reasonably high 

correlation exists between the variables total number of family members and 

total number of active family numbers. 

Table 2.5.3.8.5: Correlation matrix indicating c unweighted correlation between total 

family members, active family members, crop area sown by inquiry and crop area sown 

by GPS 

 

Variable 
Total family 

member 

Active family 

member 

Sown area by 

inquiry 

Sown area by 

GPS 

Total family 

member 
1.00 0.94 0.78 0.70 

Active family 

member 
0.94 1.00 0.84 0.74 

Sown area by 

inquiry 
0.78 0.84 1.00 0.99 

Sown area by GPS 0.70 0.74 0.99 1.00 

 

Table 2.5.3.8.5 gives Correlation matrix between total family members, active 

family members, crop area sown by inquiry and crop area sown by GPS. It is 

very clear that high correlation exists between different variables. The trends in 

sown area are different from the trends in case of parcel area in respect of some 

variables. 
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Table 2.5.3.8.6. Survey weighted GPS based linear estimates as well as double sampling 

regression estimates using total number of family members, active family members and 

inquiry based crop area as auxiliary variables along with the percentage CVs 

 

Crop 

Name 

Crop 

wise 

sample 

sizes 

of EDs 

Crop Area Estimates 

By GPS only 

Using total 

number of family 

members as 

auxiliary 

variables  

Using active 

family members 

as auxiliary 

variables  

Using Crop Area 

by inquiry as 

auxiliary 

variables  

 

ˆ
GPSY

 

(ha) 

 

%CV 
ˆ
FMY  

   (ha) 

%CV 

 

 

(ha) 

%CV 

 

 

(ha) 

%CV 

Irish 

Potato 
5 88.88 60.7788 69.99 76.2762 77.21 69.3449 300.06 14.6279 

Sweet 

Potato 
5 125.69 73.4919 138.53 66.326 143.94 63.8553 259.88 35.3934 

Yellow 

Yam 
18 3160.16 47.9122 2601.63 57.9594 2898.1 51.9934 3460.21 43.3933 

A close perusal of Table 2.5.3.8.6 reveal that percentage CVs are least in the 

case of double sampling regression estimator involving GPS based crop area as 

study variable and famer inquiry based crop area as auxiliary variable for all the 

three crops. The percentage CVs are on the higher side in all the cases though. 

Thus, larger sample sizes are needed for crop area estimation. 

Crop yield estimation 

Various methods of crop yield estimation have been tried in this study in 

Jamaica. In the absence of data on Gold Standard it is not possible to 

recommend a particular method. Further, unlike in Indonesia and Rwanda, only 

linear estimator has been considered for yield estimation because auxiliary 

variables are not observed on larger samples. Optimum values of sample sizes 

are also given. 

Figure 2.5.3.8.5 presents scatter plots between crop yield by farmer's prediction, 

farmer's recall, CCE, whole field harvest and sampling of harvest units.  

 

ˆ
AFMY ˆ

INQY
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Figure 2.5.3.8.5: Scatter plots between main variables and auxiliary variables of methods 

of crop yield measurements viz. crop yield by farmer's prediction, farmer's eye estimates, 

CCE and sampling of harvest units 

 

 

The method of sampling of harvest unit as well CCE method exhibit high 

correlation with the auxiliary variables, the correlation between both the study 

variables are higher for famers’ recall method than the method of farmers’ 

prediction. 
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Table 2.5.3.8.6 Survey weighted estimates of crop yield by CCE, Farmer assessment (5A), 

Eye Estimate on day of harvesting and sampling of harvest units along with percentage 

CV using simple linear estimator 

  

Crop name 

CCE 
Farmer 

assessment (5A) 
Eye estimate 

Sampling of 

harvest units 

Est. 

(kg/ha) 
%CV 

Est. 

(kg/ha) 
%CV 

Est. 

(kg/ha) 
%CV 

Est. 

(kg/ha) 
%CV 

Yellow Yam 27502.04 27.27 13716.28 27.73 16247.37 31.22 11010.00 47.50 

Sweet 

Potato** 
7603.11 12.86 2045.04 4.10 2448.00 5.24 2224.14 0.67 

 

** Estimates based on 5 parcels only 

Table 2.5.3.8.6 gives linear estimates of crop yield based on CCE, farmer 

assessment of crop produce, eye estimated crop produce and sampling of 

harvest units along with the respective percentage CVs for the crops yellow 

yam and sweet potato. An estimator based on farmer assessment of crop 

produce beats the other estimators in terms of the criterion of percentage CV of 

the estimator. The CCE method has the tendency to over-estimate the crop 

yield. As indicated earlier, the double sampling based regression estimator 

could not be used as information on auxiliary variables like farmer predicted 

and farmer recall produce could not be observed on larger sample. Higher 

percentage CVs for all the estimators are the result of smaller sample sizes. 

Table 2.5.3.8.8: Optimum values of sample size for crop yield estimation at 5% CV 

 

Crop Name CCE 
Farmer 

assessment (5A) 
Eye Estimate 

Sampling of 

harvest units 

Yellow Yam 121 118 125 366 

Table 2.5.3.8.8 gives optimum values of sample sizes (enumeration districts) 

for crop yield estimation in the study area by fixing the percentage CVs at 5%. 

The optimum values are smallest when measurements are taken by eye 

estimates indicating that the eye estimated values show least variability in the 

study area. The method of sampling of harvest unit exhibits maximum 

variability. 

2.5.3.9. CHALLENGES ENCOUNTERED 

 Problems in data collection by CAPI: The process of substitution of 

sampling units in data collection through CAPI was found to be 

cumbersome. Besides, the survey in question involved determination of 
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crop area and crop yield through alternative methods. Thus multiple 

visits were required for collection of data. This created implementation 

problems in CAPI resulting in data as well as time loss in data 

collection. 

 Insufficient survey period for data collection: For adequately 

capturing continuous cropping pattern one full agricultural year is 

required. However, in this study data collection was restricted to five 

months including listing of households. As a result, issue of continuous 

cropping could not be addressed properly in Jamaica.  

 Problems of area measurement by GPS:It was proposed to collect 

crop area data by several methods including GPS. Many parts in study 

area lie in hilly areas. The satellite connection in these areas was 

limited.  

 Supervision and monitoring: Two visits were planned for the ICAR-

IASRI team in the field testing countries for imparting training and 

another visit for supervision of field work. An additional visit was felt 

necessary for proper supervision of field work.  

2.4.3.10. LESSONS LEARNT 

 An adequate survey period: Adequate survey period for testing and 

validation of the developed methodology for estimation of crop area, 

yield and production under mixed and continuous cropping is a 

prerequisite. In case of continuous cropping, one full agriculture year 

covering all the agricultural seasons is required to record the data on 

crop area and yield. 

 Supervision/monitoring at regular interval: A proper mechanism of 

supervision/monitoring is essential in order to ensure the data quality 

and implementation of timelines. Supervision of data 

collection/monitoring of field work must be done at regular interval at 

different levels by the agencies responsible for executing the survey 

work as well as coordinating agencies.  

 Gold standard: Provision should be made at the planning stage for data 

collection on gold standard like whole field harvest in crop yield 

estimation and GPS  method for area measurement. It would facilitate 
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comparison of proposed methods against the gold standard for making 

proper recommendation for implementation. 

2.4.4. CHALLENGES OF PROPOSED METHODOLOGY 

 Although utility of two-stage sampling designs are well known that they 

are useful when frame of ultimate units is not available, the precision of 

an estimator suffers under two-stage sampling designs. Thus, larger 

sample sizes are needed to keep the precision intact. 

 The selection of an overall sample, as in case of proposed methodology, 

is very convenient in that it does away with the requirement of mixture 

by mixture sampling frame, but it means that some of the mixtures/pure 

stands may be over-represented while some others may be under-

represented.  

 The use of overall multipliers in domain estimation is practically 

convenient for large scale surveys in the sense that it does away with the 

requirement of using mixture by mixture multipliers, which more often 

than not are unavailable, but the use of overall multipliers reduces the 

precision of the estimators. 

 Local statisticians may find the stratified two-stage sampling design 

with two phases bit difficult. Similarly, they may have difficulty in 

selection of the sample as per the design.    

 Although, as in case of proposed methodology also, five visits are 

absolute minimum in any survey for listing as well as data collection on 

crop area and yield estimation, the clubbing of data on different 

variables in a single visit in the case of proposed methodology means 

the local statisticians will be required to get accustomed to such a 

mechanism of data collection. 
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Conclusions 

This report provides the details of field testing in one district/study area each in 

Indonesia, Rwanda and Jamaica of the methodology developed under the 

project entitled “Improving methods for estimation crop area, yield and 

production under mixed and continuous cropping. In Indonesia, the GPS 

method is recommended for crop area estimation while for crop yield 

estimation the method of sampling of harvest units is most appropriate. Further, 

the double sampling regression estimator wherein the method of sampling of 

harvest units is a study variable and farmer prediction of crop produce as 

auxiliary variable is recommended. 

In Rwanda, the appropriate method of determination of crop area is Enumerator 

self reported parcel area. For crop area estimation the double sampling 

regression estimator in which Enumerator self reported parcel area is the study 

variable and Map based crop area as auxiliary variable is recommended for use. 

The recommended method of crop yield estimation is enumerators’ assessment 

of crop produce. The double sampling approach based regression estimator is 

recommended wherein Enumerator assessment of crop produce is taken as main 

variable while crop produce through farmer recall method is taken as auxiliary 

variable. 

In Jamaica, the recommended method of crop area estimation is GPS. Further, 

for crop area estimation, double sampling regression estimator involving GPS 

based crop area as study variable and famer inquiry based crop area as auxiliary 

variable is proposed for use. For crop yield estimation, the famer eye estimated 

produce on the day of harvest is the recommended method.  

The problem of continuous cropping could not be studied due to the shorter 

field testing period as well as operational difficulties encountered in the field. In 

the absence of data on physical observation, apportioning of crop mixture area 

into component crops was carried out using the seed rates which may not be 

very objective method. A limitation of the study is that small sample sizes were 

used for estimation of crop area and yield. Further, the data collection period 

was too short. Also, the countries concerned could not collect data on many 

variables including rope and compass method for crop area estimation. Mixed 

cropping was not found in some of the districts/study area. This highlights the 

need to replicate the study in future so that the problem of estimation of crop 

area and yield in mixed and continuous cropping can be studied properly.  
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Some of the other minor limitations of the study are that two-stage sampling 

design is proposed which is useful technique of sampling widely used in large 

scale sample surveys when frame of ultimate sampling units is not available. 

But, these design are less precise as compared to uni-stage sampling designs. 

The selection of an overall sample, as in case of proposed methodology, is very 

convenient but it means that some of the mixtures/pure stands may be over-

represented while some others may be under-represented. The use of common 

multipliers is advantageous as domain specific multipliers, which are generally 

unknown, are not required but their use decrease the precision of estimators. 
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Annex 

A 1.0 ESTIMATION PROCEDURE 

Under the present study two different approaches have been suggested. 

Estimation procedure under both approaches are given in the following sub-

sections. 

A1.1 HOUSEHOLD APPROACH 

Estimation procedure for crop area under mixed cropping using 

household approach 

Let, in a district, there be H sub-districts which can be considered as H strata. 

Let, Nh villages/Enumeration Areas (EAs)/Census Block (CB) are there in the 

hth sub-district (stratum) which are considered as the PSUs, h=1,…,H. In 

general, total number of villages/EAs/CBs in each sub-district, Nh, are known. 

Suppose, in each village/EA, there are Mhi number of households (SSU).The jth 

household in the ith village/EA/CB hijT parcels (USU) where different forms of 

crop mixture e.g. as a pure stand, mixture-1, mixture-2 etc. are grown. 

Consequently, the different crop mixtures are taken as domains of the study. 

We assume that in each hth sub-districts, D different crop mixtures are being 

followed as pure stand, mixture-1, mixture-2 etc. Here there would be {Uh1, 

…,Uhd,…,UhD} domains in the hth stratum, Uh. Although, number of 

villages/EAs/CBs (Nh), number of households (Mhi) and number of parcels (Thij) 

in each sub-district are known, for a specific dth form of mixture, number of 

villages/EAs/CBs (Nhd), number of households (Mhid) and number of parcels 

(Thijd) are generally unknown. 

Let yhijk be the crop area of kth parcel (USU) in the jth household (SSU) of the ith 

villages/EA/CB (PSU) in the hth sub-district (stratum) of a district. 

The total area under dth crop mixture (domain) in a district is given by 

 
1 1 1 1

,
hijdhd hid

TN MH

d hijk

h i j k

Y y
   

                                                                 (1) 
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The population total based on all the domains is given as 

1 1 1 1 1 1

.
hijdhd hid

TN MD D H

d hijk

d d h i j k

Y Y y
     

    

Sampling design for estimation of crop area at district level using household 

approach is stratified two stage cluster sampling design with two phases in each 

stages of sampling. Suppose, in the first phase, a PPSWR sample of size 
hn is 

drawn from Nh villages/EA/CB (PSU). The probability of selecting ith 

village/EA/CB in the hth stratum is taken 
'
hiz = Xhi/Xh, where X may be taken as 

total agricultural household. In the second stage of first phase, him households 

are selected by SRSWOR design and all Thij parcels in selected household are 

completely enumerated for collecting auxiliary information regarding the parcel 

like seed used, farmers’ assessment etc. Let, 
hdn villages out of selected 

hn  

villages are following the specific dth mixture. In the same way, let, dth mixture 

be grown by 
hidm selected households in their Thijd total parcels. Again in the 

second phase, a sample of nh villages is selected from 
hn  initially selected 

villages/EAs (PSU) by SRSWOR. In each of these selected villages, a sub-

sample of mhi households are selected by SRSWOR design and all the Thij 

parcels in selected household are completely enumerated. The areas of each of 

the parcels growing crop mixtures of these sampled households are measured 

by GPS or by polygon method using chain and compass or farmers’ enquiry. 

Data collection shall be made using the questionnaires given in Annexure C of 

Field Test Protocol document.Then, the area for component crops are obtained 

by apportioning using fixed ratio approach based on physical 

observations.Suppose, out of these parcels growing crop mixtures by mhi 

households of hn villages, hdn villages are following a specific dth mixture in
hijdT  

parcels of hidm sampled households. 

In current scenario our aim is to estimate the total crop area under a specific 

crop(Y) as well as under different mixtures (Yd), d=1,2,...,D.   

Let xhijk be the auxiliary information (e.g. seed used, farmers’ assessment etc.) 

corresponding to kth parcel (SSU) of the jth selected household in the ith village 

(PSU) in the hth sub-district (stratum).  
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Whereas, yhijk be the crop area measured by GPS and Rope and Compass 

method of kth parcel (USU) in the jth household (SSU) of the ith villages/EA/CB 

(PSU) in the hth sub-district (stratum) of a district. 

A linear regression estimator of the total area under a dth mixture under the 

stratified two phase two stage cluster sampling design can be formed as 

3 3
ˆ ˆ ˆ ˆ( )lr d d A d d dY Y b X X  

                                                         
 (2) 

where,   

.' ' '
1 1 1 1 1 1 1 1 1

'
'

' ' '
1 1 1 1

1

ˆ1 1 1 1 1ˆ ,

ˆ ˆ1 1ˆ ˆ, ,

ˆ

hijdhd hid hd hid hd

hd hd

Tn m n m nH H H
hi hi hid

d hijk hij

h i j k h i j h ih hi hi h hi hi h hi

n nH H
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h i h ih hi h hi

T

hi
hid hijk
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M M Y
Y y y

n z m n z m n z
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n z n z

M
Y y

m

        

   



  

 



       

   
'

'
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1 1 1 1 1

ˆ ˆ, , .
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T Tm m m

hi hi
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By minimizing the variance of the linear regression estimator ˆ
lr3dY  with respect 

to bA3d and ignoring the variation in bA3d, the value of bA3dcan be shown as 

3 3 3 ,A d A xyd A xxdb c c        

 
 

where,  
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An approximate estimate of variance of the linear regression estimator ˆ
lr3dY  is 

given by 

   2 2 2

2 2 '
1

1 1 1ˆ ˆ ˆ ,
H

lr d A d hd byhd hd hd hd

h h h h

V Y r p s p q Y
n n n

  
      

  
                 (3) 

where 

2 2

32 2

3'
1 3 3

1 ˆ , ,
1

hdn
A xydhi hid hid

byhd hd A d

ihd hi A xxd A yyd

cM p y
s Y r

n z c c
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and
3A yydc is in same functional form as 3A xxdc as defined earlier. 

Then, the estimator of percentage CV of the proposed linear regression 

estimator of total area under dth mixture, ˆ
lr3dY , is given by 

 
 ˆ ˆ

ˆ% ( ) 100.
ˆ

lr3d

lr3d

lr3d

V Y
CV Y

Y
                                  (4) 

The estimator of total area for a specific crop c based on all the domains at 

district level is given by 

*

3

1

ˆ ˆ
D

c lr3d

d

Y Y


 .                                                                                         (5) 

where the sum is over all those domains containing a particular crop 

c,d=1,2,...,D*.  

An approximate estimate of variance of the linear regression estimator 3
ˆ
cY  is 

given by 

 
*

3

1

ˆ ˆ ˆ ˆ( )
D

c lr3d

d

V Y V Y


                                                                                (6) 

Then, the estimator of percentage CV of the proposed estimator of population 

total, 3
ˆ
cY , is given by 

 
 3

3

3

ˆ ˆ
ˆ% ( ) 100.

ˆ

c

c

c

V Y
CV Y

Y
                                             (7) 

Estimation of crop yield for mixed cropping using stratified two 

stage two phase sampling design framework 

There may be a situation where information of parcels in the selected 

villages/Enumeration Area may not be available in records. In this situation it is 

advisable to adopt Household Approach for crop yield estimation. Crop yield 

estimation, in the context of Household Approach, is proposed wherein the 

sample selected for crop area estimation by Household Approach shall be taken 
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as the sampling frame. For this purpose, first, a list of parcels growing different 

mixtures is prepared using the results from area enumeration in each of the 

sampled villages/Enumeration Areas in a sub-district. 

Suppose, for "Estimation of crop area" by Household Approach under stratified 

two phase two stage cluster sampling design framework, in hth sub-district 

(Stratum) from the set of Nh villages/EAs/CBs (PSUs), a sample of nh villages 

were selected. Then, a sub-sample of households was selected in each selected 

village/EA/CB and all the parcels of selected household were completely 

enumerated for area under a specific crop mixture. While surveying the parcels 

for area enumeration, a list of parcels growing different mixtures is prepared in 

a village/EA/CB. Let, mhid parcels are being grown as the dth mixture of the 

crop out of mhi sampled parcels in the nhd villages/EAs/CBs of the hth sub-

districts, 1,2,...,d D  . 

In the first phase of sampling, from the set of nh villages/Enumeration 

Areas/CBs (PSU) ''

hn  villages are selected by SRSWOR design. Within the 

selected villages, for each of the dth mixture, 1,2,...,d D , samples of ''

hidm  

parcels (SSUs) are selected by SRSWOR from the hidm parcels used for 

recording area. From the selected parcels farmers' eye estimates of harvested 

yield of the crop under mixture has to be recorded. 

Let, 
hijdx  defines the eye-estimated harvested yield of the crop in the 

thj parcel 

grown in the thd mixture in the ith village of the hth sub district. 

Again in the second phase of sampling, let, a sample of '''

hn  villages/EAs/CBs be 

selected by SRSWOR design from the ''

hn  selected villages and within each 

selected villages/EAs/CBs, for each mixture, 1,2,....d D , sample of '''

hidm  

parcels are selected from the ''

hidm first phase second stage units in the ith village 

of the hth sub district. 

In the final sample, it can be observed that out of 
'''

hn
 sample villages/EAs/CBs,

'''

hdn
villages/EAs/CBs are following the 

thd mixture, 1,2,....d D  . Now, from 

all these 
'''

hidm
parcels in the final sample, estimates of the harvested yields of a 

crop under a specific mixture are obtained by conducting CCE for mixed 

cropping. See Section 4.2 of Technical Report I for detailed procedure for 

conducting CCE. Data collection on farmers’ eye estimates of crop yields shall 
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be carried out using Questionnaire-6(C-3) in Annexure C of the Field Test 

Protocol Document and for data collection on crop yield, CCE questionnaires 

given in the same Annexure shall be used. 

Let 
hijdy  defines the harvested yield of the crop under dth mixture from the jth 

parcel in the ith village/EA of the hth sub district.  

Utilizing the information from the eye-estimated yields and the harvested yield 

of the sampled parcels under a specific mixture (domain) and using double 

sampling approach, a linear regression estimator of the average crop yield under 

a specific crop mixture for a district can be given by  

3 3 3 3 3( )lr d d d d dy y b x x              (8) 

where, 

''' '''
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An approximate estimate of variance and percentage CV of the proposed linear 

regression estimator of average yield under a crop under dth mixture, 3lr dy , is 

given by  
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2 2 2

3 2 ''' ''' '''
1 1

2 2 2 2

3 ''' '' ''' '' ''' ''

1 1 1 1 1 1ˆ
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hdn 






and

  
 3

3

3

ˆ
% ( ) 100.

lr d

lr d

lr d

V y
CV y

y
                                                           (10)

 

where 
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and 
3 yydc is in same functional form as 3xxdc as defined earlier. 
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The estimator of yield for a specific crop c based on all the domains at district 

level along with its approximate estimator of the variance is given by 

*

3 3

1

1ˆ

*

D

c lr d

d

Y y
D 

  and                                                      (11) 

 
   

*

3 3*2
1

1ˆˆ ˆ
D

c lr d

d

V Y V y
D 

  .                                                               (12) 

Where the sum is over all those domains containing a particular crop c in the 

different mixtures, d=1,2,...,D*.      

Then, the estimator of percentage CV of the proposed estimator of population 

total, 3

ˆ
cY , is given by 

  
 3

3

3

ˆˆ
ˆ% 100.

ˆ

c

c

c

V Y

CV Y
Y

                                                      (13) 
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A1.2 AREA FRAME APPROACH 

Estimation procedure for crop area under mixed cropping when 

Area frame available 

Let, in a district, there be H sub-districts which can be considered as H strata. 

Let, there are Nh EAs in the hth sub-district (stratum) which are considered as the 

PSUs, h=1,…,H. In general, total number of EAs in each sub-districts, Nh, are 

known. Suppose, each EA can be divided into Mhi segments (SSU) each 

containing hijT parcels (USU).In this parcels crops are grown in different forms 

of mixture e.g. as a pure stand, mixture-1, mixture-2 etc. In this case, thus, the 

different crop mixtures are taken as domains of the study. We assume that in 

each hth sub-districts, D different crop mixtures are being followed as pure 

stand, mixture-1, mixture-2 etc. Thus, there would be {Uh1, …,Uhd,…,UhD} 

domains in the hth stratum.  

Let yhijk be the crop area of kth parcel (USU) in the jth segment (SSU) of the ith 

EA (PSU) in the hth sub-district (stratum). 

The total area under dth crop mixture (domain) in a district is given by 

 
1 1 1 1

,
hijdhd hid

TN MH

d hijk

h i j k

Y y
   

                              (14b) 

The population total ased on all the domains is given as 

1 1 1 1 1 1

.
hijdhd hid

TN MD D H

d hijk

d d h i j k

Y Y y
     

    

In these situations, a sampling design for estimation of crop area at district level 

is stratified two stage cluster sampling design with two phases in each stages of 

sampling using Area Frame approach. Suppose, in the first phase, a sample of 


hn EAs is selected from Nh EAs (PSU) by probability proportional to the size 

with replacement (PPSWR) design from the EAs in the hth stratum. The 

probability of selecting ith EA in the hth stratum is taken 
'
hiz = Xhi/Xh, where X 

may be taken as total agricultural land. In the second stage of first phase, within 

each of these selected EAs, from the set of Mhi segments, a sub-sample of him 

segments are selected by SRSWOR design. Then, each of the 
hijT parcels 

growing crop mixtures are completely enumerated for collecting auxiliary 
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information regarding the parcel like seed used, farmers’ assessment etc. , 

j=1,… him  .Let, 
hdn EAs out of selected 

hn EAs are following the specific dth 

mixture. In the same way, let, dth mixture be grown in 
hidm selected segments in 

their Thijd parcels.  

In the second phase of sampling, a sample of nh EAs is selected from 
hn  

initially selected EAs (PSU) by SRSWOR. In each of these selected EAs, a sub-

sample of mhi segments are selected by SRSWOR design and all the Thij parcels 

in selected household are completely enumerated. The areas of each of the 

parcels growing crop mixtures of these sampled segments are measured by GPS 

or by polygon method using chain and compass. Data collection shall be made 

using the questionnaires given in Annexure B of Field Test Protocol document. 

Then, the area for component crops are obtained by apportioning using fixed 

ratio approach based on physical observations. Suppose, out of these parcels 

growing crop mixtures by mhi segments of hn EAs, hdn EAs are following a 

specific dth mixture in
hijdT  parcels of hidm sampled segments. 

In current scenario our aim is to estimate the total crop area under a specific 

crop(Y) as well as under different mixtures (Yd), d=1,2,...,D.   

Let xhijk be the auxiliary information (e.g. seed used, farmers’ assessment etc.) 

corresponding to kth parcel (SSU) of the jth selected segment in the ith EA (PSU) 

in the hth sub-district (stratum), whereas, yhijk be the crop area of the 

corresponding parcel measured by GPS and Rope and Compass method. 

A linear regression estimator of the total area under a dth mixture under the 

stratified two phase two stage cluster sampling design can be formed as 

2 2
ˆ ˆ ˆ ˆ( )lr d d A d d dY Y b X X                                                       (15) 

where, 
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By minimizing the variance of the linear regression estimator ˆ
lr2dY  with respect 

to bA2d and ignoring the variation in bA2d, the value of bA2dcan be shown as 

2 2 2 ,A d A xyd A xxdb c c        
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An approximate estimate of variance of the linear regression estimator ˆ

lr2dY  is 

given by 

   2 2 2

2 2 '
1

1 1 1ˆ ˆ ˆ ,
H

lr d A d hd byhd hd hd hd

h h h h

V Y r p s p q Y
n n n

  
      

  
     (16) 
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and
2A yydc is in same functional form as 2A xxdc as defined earlier. 

Then, the estimator of percentage CV of the proposed linear regression 

estimator of total area under dth mixture, ˆ
lr2dY , is given by 

 
 ˆ ˆ

ˆ% ( ) 100.
ˆ

lr2d

lr2d

lr2d

V Y
CV Y

Y
                                                      (17) 

The estimator of total area for a specific crop c based on all the domains at 

district level is given by 

*

2

1

ˆ ˆ
D

c lr2d

d

Y Y


 .                                                                 (18) 

where the sumis over allthose domains containing a particular crop 

c,d=1,2,...,D*.  

An approximate estimate of variance of the linear regression estimator 2
ˆ
cY  is 

given by 
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Then, the estimator of percentage CV of the proposed estimator of population 

total, 2
ˆ
cY , is given by 
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Estimation of crop yield under mixed cropping using stratified two 

stage two phase sampling design framework under area frame 

approach 

Crop yield estimation, in the context of Area Frame Approach, is proposed 

wherein the sample selected for crop area estimation by Area Frame Approach 

shall be considered to construct the sampling frame for yield estimation. For 

this purpose, in each of the sampled Enumeration Areas in a sub-district, first, a 

list of parcels growing different mixtures is prepared using the sample for area 

enumeration. 

Suppose, for "Estimation of crop area" by Area Frame Approach under 

stratified two stage cluster sampling design framework (as discussed earlier), in 

hth sub-district (Stratum) from the set of Nh Enumeration Areas (PSUs), a 

sample of nh Enumeration Areas were selected. Then, a sub-sample of segments 

was selected in each selected Enumeration Area and all the parcels of selected 

segments were completely enumerated for area under a specific crop mixture. 

While surveying the parcels for area enumeration, a list of parcels growing 

different crop mixtures shall be prepared in an Enumeration Area. Let, in total 

there mhid parcels where the dth crop mixture is grown out of total mhi sampled 

parcels in the ith EAs of the hth sub-districts, 

1,..., ; 1,..., ; 1,..., .hdi n d D h H    Here, it is notable that, segment wise 

crop mixture list need not be prepared. 

In the first phase of sampling, from the set of nh EAs (PSU) ''

hn Enumeration 

Areas are selected by SRSWOR design. Within the selected Enumeration 

Areas, for each of the dth mixture, 1,2,...,d D , samples of ''

hidm  parcels 

(SSUs) are selected by SRSWOR from the hidm parcels used for recording area. 

From the selected parcels farmers' eye estimates of harvested yield of the crop 

under the mixture has to be recorded. Let, 
hijdx  defines the eye-estimated 

harvested yield of the crop in the 
thj parcel grown in the thd mixture in the ith 

EAof the hth sub district. 

Inthe second phase of sampling, let, a sample of '''

hn EAs be selected by 

SRSWOR design from the ''

hn  selected EA and within each selected 

Enumeration Areas, for each mixture 1,2,....d D , sample of '''

hidm  parcels are 

selected from the ''

hidm units in the ith EA of the hth sub-district. 

In the final sample, it can be observed that out of '''

hn  sample villages, '''

hdn villages 

are following the thd mixture, 1,2,....d D  . Now, from all these '''

hidm parcels 
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in the final sample, estimates of the harvested yields of a crop under a specific 

mixture are obtained by conducting CCE for mixed cropping. See Section 4.2 

of Technical Report I for detailed procedure for conducting CCE. Data 

collection on farmers’ eye estimates of crop yields shall be carried out using 

Questionnaire in Annexure B of the Field Test Protocol Document and for 

conducting CCE questionnaires given in the same Annexure shall be used. 

Let 
hijdy  defines the harvested yield of the crop under dth mixture from the jth 

parcel in the ith EA of the hth sub district.  

By following double sampling approach utilizing the information from the eye-

estimated yields and the harvested yield of the sampled parcels under a specific 

mixture (domain), a linear regression estimator of the average crop yield under 

a specific crop mixture for a district can be given by  

2 2 2 2 2( )lrd d d d dy y b x x        (20) 

where, 
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An approximate estimate of variance and percentage CV of the proposed linear 

regression estimator of average yield under a crop under dth mixture, 2lrdy , is 

given by  
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and 

 
 2

2

2

ˆ
% ( ) 100.

lrd

lrd

lrd

V y
CV y

y
                                                     (22)

     

where 
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and
2 yydc is in same functional form as 2xxdc as defined earlier. 



91 
 

The estimator of yield for a specific crop c based on all the domains at district 

level along with its approximate estimator of the variance is given by 

*

2 2

1

1ˆ

*

D

c lrd

d

Y y
D 

  and       

                 (23) 

 
   

*

2 2*2
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1ˆˆ ˆ
D
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V Y V y
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  .                                                     (24)

                          

where the sum is over all those domains containing a particular crop c in the 

different mixtures, d=1,2,...,D*.      

Then, the estimator of percentage CV of the proposed estimator of population 

total, 2

ˆ
cY , is given by 
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