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RELEVANCE OF LAND COVER 
AND CROP TYPE MAPS 



LAND COVER & LAND USE DATA 
ARE FUNDAMENTAL

Land cover and land use data have
been included in the list of the
global fundamental geospatial data
themes by the Committee of
Experts on Global Geospatial
Information Management in 2018
(E/C.20/2018/7/Add.1).



GLOBAL AND NATIONAL 
LAND COVER AND LAND USE 
MAPS



GLOBAL MAPS
Pros:

• Wide availability: e.g. ESA WorldCover, 

ESA CCI, Copernicus, GlobeLand30, 

FROM-GLC30, etc. 

• Available from 1992 through 2021

• Medium to high resolution (1km to 10m)

• Strong consistency at a global scale, but 

large deviations at the regional scale.

• Overall accuracy at the global level is from 

72% to 80%. 

Cons:

• Low accuracy at the regional scale and 

very low at the national level

• The legend may not satisfy national 

requirements

• Minor LC/LU classes are underestimated 



NATIONAL LC MAPS
National Maps

Pros

• High spatial accuracy and thematic accuracy

• Legend contains classes which satisfy national 

requirements

Cons

• Maps are often old and are not not kept up-

to-date regularly

• Only few countries in the world produce their 

national land cover maps on a regular bases 

• Uncertainty in accuracy measures

• Heterogeneity methods and data among 

different countries.

• Many of the maps are produced under the 

auspices of specific projects by third parties 

that come to an end.
Brazil, 2000 2010, 2012, 2014, 2016, 2018, IBGE. 

Landsat 30m.
Mozambique, 2000-2005-2010-2016, Nitidae and 

CIRAD in the LAUREL project. Landsat, 30m.



MAIN CHALLENGES TO THE 
OPERATIONAL UPTAKE OF 
EO IN COUNTRIES FOR LCLU 
MAPPING



COMPLEXITY OF IMAGE PRE-PROCESSING

The complexity of image pre-
processing (including image atmospheric
correction and cloud masking), to more
advanced temporal compositing and
gap-filling which are required to derive
analysis-ready data (ARD) also called
data-cubes. Such operations are not
trivial and require specialized
expertise in Remote Sensing and big
data handling.



PROGRAMMING SKILLS REQUIRED

EO data platforms which provide user
with access to EO data archives and
analytical libraries, function through code
editors. GEE uses Javascript, SEPAL and
DE Africa Jupyter Notebooks (Python).

Many technical experts in NSOs and
concerned line ministries who are very
familiar with traditional GIS packages
(QGIS, ArcGIS) may not be very familiar
with scripting, and may prefer the use of
graphic user interfaces.



LACK OF IN-SITU DATA OF ADEQUATE 
QUALITY In-situ data are essential for the automatic

classification of satellite images into land
cover or land use classes, as opposed to visual
interpretation.

In-situ data of sufficient quality is rare to find.
Common reasons for this are:

I) high costs of field survey campaigns

 Many data points to collect (e.g.12K for one country)

 Transportation cost, plus human resources

 Need to repeat survey for every reporting year

ii) suboptimal stratification of the samples

iii) suboptimal geo-referencing methods used
in the field.

Top figure, example of GPS traces that contain more than 

parcels boundaries. Bottom figure, challenge to localize the 

surveyed parcels in the statistical database due to the fact 

that parcels are localized by geo-points (i.e. a single GPS 

coordinate)



WHY IN-SITU DATA IS NEEDED  - CALIBRATION
In-situ data is used for the calibration of 
classification algorithms (e.g. Random 
Forest) and for the validation of results, 
allowing for calculating the accuracy of 
map (OA, UA and PA) and estimate the 
standard error in area estimation and the 
confidence intervals based on 95% 
confidence. 

Point ID Crop Type Band 1 Band 2 NDVI etc

1 Rice 100 .... .... ....

2 Wheat 80 ....... ....... .......

3 Wheat 110 ......... ......... .........

4 Cotton 130 .......... .......... ..........

In-situ sampling locations Sentinel-2 images acquired over 

the AOI

Band 1

Band 2

Band 3 

Band 4

NDVI

Training

Validation

Input features to the Random Forest

Classified ìmage: Crop Type Map



WHY IN-SITU DATA IS NEEDED – VALIDATION 

Accuracy Statistics

Overall Accuracy

Producer Accuracy

User Accuracy 

Kappa Statistics

F1-Statistics



INNOVATION TO OVERCOME 
THE CHALLENGE OF LACK OF 
IN-SITU DATA OF ADEQUATE 
QUALITY FOR EO USE



OVERCOMING THE SHORTAGE OF IN-SITU 
DATA BY ADDRESSING 2 KEY QUESTIONS?

I. Can we reuse in-situ data?

II. Can we use data frugal classification algorithms?



CAN WE REUSE IN SITU DATA?

The question is if we have an in-situ dataset with high positional and attribute accuracy (we
are lucky) for a given baseline year, can we re-use such a dataset to train and validate a
classifier for a different year?

The issue in re-using the in-situ data for a different year is connected to the risk that the land
cover or the land use at that specific location may have changed in the reference year, and
therefore the in-situ data point would be outdated. Using outdated in-situ data to train the
classifier would introduce bias. Similarly, using the outdated in-situ dataset for validation could
hide commission errors.

However, it is possible to use EO data (e.g NDVI) to assess the consistency of the spectral
characteristics of a pixel in time, and therefore to judge whether the LC/LU at this location has
changed. In this context, we can use a modified version of the method developed by Paris and
Bruzzone based on K-Means clustering to artificially update an in-situ dataset.



Step I: extraction of a land cover stratum from an existing LC

baseline 2021. In this example, we extract only one feature for the

‘Mining’ class and overlay it on a true color image background.

Step II we apply the Kmeans on NDVI for our target 

year, 2019. Above we can clusters of pixels inside 

the target feature, and the distribution of pixels per 

cluster (below)

Step III: We select the pixels from the dominant cluster and we filter 

out minor clusters



LESOTHO

Overall Accuracy:     87% to 84% 

Spatial Resolution:    10 meters

Geographic scope:   National

Reference year(s):    2017 - 2021

Crop classes: 10  

HiH sharing status:    published

5 Land Cover Maps 2017-2021  
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Project funded by a EU-GIZ trust fund





CAN WE USE LESS IN-SITU DATA?

• Random Forest (RF) is the de-facto mostly used supervised 

classifier. RF though necessitates of large amounts of 

training data to avoid overfitting, and this means thousands 

of data points. 

• FAO has explored the possibility to use a data frugal 

algorithm (Dynamic Time Warping), which instead works by 

assessing the similarities by pairs of time series data and 

allows also for coping with misalignment between these



THREE STEPS STEPS OF DTW
Step 1 Define spectral signatures for different 

crops in the study area. 

Step 2 Dissimilarity analysis of each pixels 

in the AOI against every RSS

Step 3 Classification of pixels based on 

match with least min dissimilarity



Overall accuracy of the DTW and RF 

classifiers as a function of the number of 

training samples used.



ALIGNMENT WITH IGIF AND 
GSGF



Integrated Geospatial Information Framework

Global Statistical Geospatial Framework

FAO’s work provides direct inputs to the Data, 

Innovation, Standards and Capacity and Education 

Pathways

Can support the implementation of the IGIF 

providing standardized methods and tools

Direct contribution as:

1) Input: Fundamental Data

2) Output: 

I. Integration 

II. Standardization

III. Interoperability

3) Analysis: land cover statistics, land cover change 

analysis etc.



THANK YOU



Standardization of EO Methods

Standardizatiomn of in situ data requirements

Definition of wuality criterias for LC and LU maps

Integration of standardized methods to produce fundamental geospatila data 
themes within the IGIF 


