
Handbook on remote sensing 
for agricultural statistics

H
andbook on rem

ote sensing for agricultural statistics

Publication prepared in the framework of the Global Strategy to improve Agricultural and Rural Statistics



Handbook on remote sensing for agricultural statistics i

Handbook on remote sensing 
for agricultural statistics



Handbook on remote sensing for agricultural statisticsii



Handbook on remote sensing for agricultural statistics iii

Contents 

Acronyms  viii

Tables and figures x

Recommended citations xv

Acknowledgments xvi

Overview  xvii

ChApTeR 1 
DATA ACCess AnD DATA AnAlysis sOfTwARe 1
 1.1.  Introduction 1

 1.2.  Relevant sensors and data sets 2

  1.2.1.  Cost factors relating to commercial imagery 6

  1.2.2.  Free and open access 7

 1.3.  Image processing and preparing for data analytics 8

  1.3.1.  An example of processing 9

 1.4.  Reference data 13

 1.5.  Cloud computing 15

 1.6.  Case study 16

 1.7.  Conclusion 19

ChApTeR 2 
lAnD COveR mApping AnD mOniTORing 21
 2.1.  Introduction 21

 2.2.  The concept of land cover 23

  2.2.1.  Land Cover Classification Systems (LCCS and LCML) 23

  2.2.2.  Agriculture in land cover typology 24

  2.2.3.  Alternative approaches for land characterization 25

 2.3.  Land cover mapping production 26

  2.3.1.  Remote sensing data 27

  2.3.2.  In situ data collection 28

  2.3.3.  Image processing and map production 35

 2.4.  Current practices and existing land cover data sets 41

  2.4.1.  Metadata, data policy and crowdsourcing  42

  2.4.2.  Comprehensive review of existing land cover and cropland data sets 42

  2.4.3.  Land cover change detection 44

 2.5.  Ongoing mapping initiatives at multinational or global scale 46

  2.5.1.  Global Cropland 46

  2.5.2.  Sentinel-2 for Agriculture system  47

  2.4.3.  Irrigated rice mapping

 2.6.  References 50



Handbook on remote sensing for agricultural statisticsiv

ChApTeR 3 
Use Of RemOTe sensing fOR The Design Of sAmpling fRAmes 59
 3.1.  List frames and area frames 60

  3.1.1.  Stratification 60

  3.1.2.  Inaccuracies in stratification 60

 3.2.  Area sampling frames 61

  3.2.1.  Frames of segments with physical boundaries 61

  3.2.2.  Frames on regular grids 62

  3.2.3.  Stratification based on global cropland maps 66

  3.2.4.  Stratification on more detailed data relating to a previous year 67

  3.2.5.  Photointerpretation of public domain images and crowdsourcing 68

  3.2.6.  Area frames of clustered points 70

  3.2.7.  Area frames of unclustered points 71

  3.2.8.  Comparing frames of segments with frames of points 73

  3.2.9.  Area frames of transects 73

 3.3.  Remote sensing for LSFs 76

  3.3.1.  The location of a farm: a difficult problem 76

  3.3.2.  Administrative registers 76

  3.3.3.  Using EAs as first-stage sampling units 76

  3.3.4.  Sampling EAs with probability proportional to the area 78

  3.3.5.  EA stratification 81

 3.4.  Measuring plots 82

 3.5.  Sampling satellite images 83

  3.5.1.  The experiences of the 1970s 83

  3.5.2.  Sampling medium-resolution images 83

  3.5.3.  Sampling VHR images 84

 3.6.  Surveys along roads 85

 3.7.  References 87

ChApTeR 4 
DeTAileD CROp mApping Using RemOTe sensing DATA (CROp DATA lAyeRs) 91
 4.1.  Introduction 91

 4.2.  Satellite image classification for detailed crop mapping 92

  4.2.1.  The supervised classification of satellite imagery 92

  4.2.2.  Pixel-based versus object-based classification 94

 4.3.  Input data layers required for crop classification 94

  4.3.1.  Ground (in situ) data 94

  4.3.2.  Earth Observation (EO) Data 96

  4.3.3.  Ancillary (secondary) data and information 100

 4.4.  Operational crop mapping at the national scale 101

  4.4.1.  Moving from the research to the operations domain 101

  4.4.2.  Agricultural monitoring systems 101

  4.4.3.  Case Study: Canada’s operational space-based Annual Crop Inventory 105

 4.5.  Conclusion 116

 4.6.  References 117



Handbook on remote sensing for agricultural statistics v

ChApTeR 5 
CROp AReA esTimATiOn wiTh RemOTe sensing 131
 5.1.  Crop area estimation: introduction 131

  5.1.1.  LACIE 132

 5.2.  Approaches to crop area estimation using remote sensing 133

  5.2.1.  ASF design 133

  5.2.2.  Single-date data analysis 140

  5.2.3.  Use of SAR data for crop area estimation 142

  5.2.4.  Ground truth data 143

  5.2.5.  Accuracy estimation: confusion matrix and relative deviation 144

 5.3.  Regression estimator 146

 5.4.  Calibration estimator 147

 5.5.  Small area estimator 147

 5.6.  Examples of national, regional and global crop area estimation programmes 148

  5.6.1.  National-level programmes 148

  5.6.2.  Regional programmes 150

  5.6.3.  Global programmes 151

 5.7.  Cost-effectiveness of remote-sensing-based area assessment 152

 5.8.  Issues and limitations 153

 5.9.  References 155

ChApTeR 6 
eARly wARning sysTems AnD CROp yielD esTimATiOn 161
 6.1.  Introduction 161

 6.2.  Early Warning Systems (EWS) 162

  6.2.1.  Plant pests and diseases 163

  6.2.2.  The phenology model for monitoring vegetation 164

  6.2.3.  How early is “early” warning? 165

 6.3.  Early Warning Early Action 166

 6.4.  Crop yield forecasting 168

  6.4.1.  The agrometeorological model 169

  6.4.2.  The remote sensing model 171

 6.5.  Conclusion 176

 6.6.  References 181



Handbook on remote sensing for agricultural statisticsvi

ChApTeR 7 
mOniTORing fOResT COveR AnD DefOResTATiOn 185
 7.1.  Introduction and main objectives 185

 7.2.  The use of remote sensing to monitor forest cover – background information 186

  7.2.1.  Definition of forests, deforestation and degradation 187

  7.2.2.  Specifications for monitoring deforestation from remote sensing 188

  7.2.3.  Specifications for monitoring forest degradation from remote sensing 189

  7.2.4.  Availability of Landsat data 190

  7.2.5.  Availability of Sentinel-2 data 190

 7.3. The FAO Global Forest Resources Assessment’s Remote Sensing Survey 192

  7.3.1.   Background on statistical sampling designed to estimate deforestation from optical sensors 

having moderate spatial resolution 192

  7.3.2.  General sample approach selected for the Global Remote Sensing Survey 193

  7.3.3.  Selection and preprocessing of satellite imagery 194

  7.3.4.  Processing and analysis of satellite imagery 195

  7.3.5.  Statistical analysis 196

  7.3.6.  Accuracy/consistency assessment of estimates of forest cover changes 197

  7.3.7.  Results for the tropics 197

  7.3.8.  Precision of the estimates for the tropics 198

  7.3.9.  Intensification of the sampling scheme for forest cover change estimation at national scale 198

  7.3.10.  The future of the Global Forest Resources Assessment: towards FRA 2020 199

 7.4. Other examples of RSS used for forestry statistics 200

  7.4.1  Deforestation statistics from the Global Tree Cover product, University of Maryland 200

  7.4.2.  Example at national level: the Landscape Units of the Brazilian National Forest Inventory 201

  7.4.3.  The FAO Global Forest Survey project 204

 7.5. Complementarity between estimates of changes in forest and agriculture 208

 7.6.  References 210

ChApTeR 8 
ORgAnizATiOn, ResOURCes AnD COmpeTenCes fOR ADOpTing  
RemOTe sensing in AgRiCUlTURAl sTATisTiCs 217
 8.1.  Background 217

 8.2.  Organization 218

 8.3.  Resources 219

  8.3.1.  Qualified staff 220

  8.3.2.  Laboratories: hardware and software requirements 220

  8.3.3.  Input data 222

  8.3.4.  Work plan 222

  8.3.5.  Training requirements 223

  8.3.6.  Funding 224

 8.4.  Implementation of the program: case examples 225

  8.4.1.  Example 1: Ethiopia – application of area frame stratification 225

  8.4.2.  Example 2: Pakistan – Crop Reporting Services 226

  8.4.3.  Example 3: Pakistan – the SUPARCO/FAO operative geospatial unit 227

  8.4.4.  Example 4: Bangladesh – an operational geospatial unit 230

  8.4.5.  Example 5: Rwanda – multipurpose probability sample surveys 232

 8.5.  Conclusion 234

 8.6.  References 235



Handbook on remote sensing for agricultural statistics vii

ChApTeR 9 
The COsT-effeCTiveness Of RemOTe sensing in AgRiCUlTURAl sTATisTiCs 237
 9.1.  The issue of costs 237

 9.2.  The domains of application and the relative gains 238

  9.2.1.  Optimization of sampling design 239

  9.2.2.  Crop Data Layers (CDLs) 241

  9.2.3.  Improved estimators 241

  9.2.4. Crop monitoring and yield forecast 242

 9.3.  Sensor suitability 243

 9.4.  Conclusion 245

 9.5.  References 273

Annex 
esTimATing AnD CORReCTing The biAs Of pixel COUnTing 249
 A1.  Introduction 249

 A2.  The bias of pixel counting 251

  A2.1.  Calibration estimators 252

  A2.2.  Computing the variance of some estimators 254

  A2.3.  Confusion matrices expressed as numbers of points 253

  A2.4.  Which approach is best to correct the bias? 254

 A3.  The problem of subjectivity in pixel counting estimation 255

 A4.  References 258

预览已结束，完整报告链接和二维码如下：
https://www.yunbaogao.cn/report/index/report?reportId=5_22491


