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Résumé

Les deux dernières décennies ont été marquées par une amélioration sensible de la production de statistiques agricoles en
tenant compte du fait que la demande en information géographique est toujours croissante et de plus en plus diversifiée tant
à l’échelle nationale qu’internationale. Cet article présente quelques aspects méthodologiques (les méthodes aréolaires
conventionnelles) de production d’information géographique à travers les statistiques spatiales agricoles en utilisant les
cartes topographiques à échelle fine et les images satellites à haute résolution spatiale comme base de sondage pour
l’application des enquêtes agricoles en Roumanie post-communiste. L’article présente l’application du projet MARS en
Roumanie en s’appuyant sur des exemples du Plateau de Falticeni, au nord-est du pays, et en focalisant sur l’adaptation
de la méthodologie et de la collecte des données à une situation foncière et environnementale spécifique à un pays de
l’Europe Centrale et de l’Est.

Mots clés : Information géographique, statistiques spatiales agricoles, images satellites à haute résolution spatiale, suivi
et gestion du territoire.

Abstract

The last two decades substantial improvements in the production of agricultural statistics have occurred in a context where
the demand for geographical information is constantly increasing and becoming more diversified at both the national and
international levels. This paper presents some methodological aspects (conventional area-based methods) related to the
production of geographical information via agricultural statistics using fine-scale topographical maps and high spatial reso-
lution satellite images as sampling frames for the application of agricultural surveys in post-communist Romania. The paper
describes the application of the MARS project to Romania based on examples from the Falticeni Plateau, North-East of the
country, and focusing on the adaptation of the methodology and data collection to specific land and environment conditions
in a Central and Eastern European country.

Keywords : Geographical information, spatial agricultural statistics, high spatial resolution satellite images, land
monitoring and management.

1. Introduction

1.1. Agricultural statistics and remote sensing

Agricultural statistics-based systems are important
tools for land and agricultural resources management.
By determining the status of agricultural practices and
production each year, agricultural surveys provide deci-
sion makers and land managers with viable and upda-
ted information concerning the agricultural environment.
Contemporary agricultural statistics address issues such
as estimating useful agricultural or nonagricultural areas,
the distribution of cultivated areas at various scales (re-
gional, national), forecasting potential crop yields and do-
cumenting year-to-year evolution and identifying general

trends.
Relying on agricultural inquiries based on area sam-
pling 1, agricultural statistics are frequently used for the
collection of data related to land-cover and land-use. Un-
like mapping studies such as the CORINE Land-Cover
project, area sampling (by point and segment) is a statis-
tical method (EUROSTAT 2 2000). The observation of va-
rious samples enables the establishment of primary crop
regional area and yield estimates, considered as an ac-
ceptable generalization rendering the examination of the

1. Area bases are part of the hierarchy of geographical units
(the subsections of the survey basis of a level can be subdivided
in order to form units of a next level).

2. Statistical Office of the European Community.
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entire territory unnecessary.
Recent developments in data collection tools (e.g., re-
gistries and administrative information sources, advan-
ced sampling techniques and remote sensing) are at the
forefront of developments in agricultural statistics. Re-
mote sensing is a source of comprehensive and repe-
titive geographical information that can be used for agri-
cultural statistics in association with conventional tools 3

for the investigation of land-use, thanks in particular to
new generation satellites with different resolution capabi-
lities that are better adapted to the characteristics of Eu-
ropean land plots. Remote sensing and agricultural sta-
tistics share a common field, the observation of land re-
lated phenomena. This technique, since the launching of
the first Earth observation satellite (LANDSAT) in 1972,
has contributed to the estimation of main crop areas
and yield forecasting (among the better known applica-
tions). After 40 years of applying space borne remote
sensing data to the field of agricultural statistics, an im-
provement can be observed in the classical methods of
regional crop inventories, rapid area and potential yields
forecasting based on zoning and the stratification obtai-
ned by remote sensing (area sampling, associated en-
quiries), leading to a better localization of the main land-
use classes and to the systematic monitoring of crops,
the state of the vegetation, the yield index and soil mo-
nitoring (MARS program). The classified satellite images
(specially LANDSAT and SPOT and, in the USA the pri-
mary imagery source for deriving the 2009 CDL is the
Indian Remote Sensing satellite IRS-P6, also known as
Resourcesat-1 (Johnson and Mueller, 2009) are gene-
rally used as auxiliary variables, passing through regres-
sion (post-stratified and variance related) or calibration
estimators based on confusion matrices. These registra-
tion and regression estimators combine accurate and ob-
jective observations relatied to the sample. Certain bio-
physical variables related to vegetation cover are acces-
sible using remote sensing in different spectral domains.
In particular, the leaf area index and chlorophyll concen-
tration can be estimated using remote sensing data thus
providing information relating to the potential crop yield.
Remote sensing also reduces the number of sampling
units required for land survey purposes while preserving,
at the same time, the optimum level of accuracy for area
estimates of the various themes found. Remote sensing
is also used for the monitoring of crop evolution in a num-
ber of countries ; for this type of application, repetitive
data such as NOAA-AVHRR (National Oceanic and At-
mospheric Administration - Advanced Very High Resolu-
tion Radiometer) data, images covering the surface of the
globe twice a day, are equally useful as well as MODIS
(Sun et al., 2008).

3. The data are provided by the general agriculture census,
via specific inquiries of variable periodicity by a varied network
of correspondents.

1.2. Study background
Several programs or international projects have been

implemented for the introduction of remote sensing data
into conventional methods to strengthen and improve
agricultural statistical systems such as the American LA-
CIE (Large Area Crop Inventory Experiment) program for
crop forecasting and the AGRISTARS program (Agricul-
ture and Resources Inventory Surveys through Aeros-
pace Remote Sensing), dealing with the improvement of
agricultural statistics within the United States (Remote
Sensing Applications in Agriculture at the USDA National
Agricultural Statistics Service, 2010), AGRIT (Agrome-
teorology in Italy), which focuses on large crop yield fore-
casting, the European Union MARS and LUCAS projects
with regard to the application of remote sensing to Eu-
ropean agricultural statistics and the AGRIMA program
in Morocco. These projects have been developed in the
context of the increasing need for land-related informa-
tion following the successive broadening and application
of the new European common policy. In the framework
of the implementation and monitoring of the agricultural
policies of the European Union, the MARS (Monitoring
Agriculture Remote Sensing) program was initiated at the
outset. The expertise elaborated within this project refers
to the use of remote sensing (satellite and airborne), geo-
graphic information systems (GIS), the global positioning
system (GPS) and more general geomatics techniques.
Recently in the USA, the National Agricultural Statis-
tics Service (NASS) released a crop-specific land- cover
classification product encompassing the entire contermi-
nous United States (USA). Termed the Cropland Data
Layer (CDL), the product depicts type and location for
crops planted during the summer 2009 growing season.
The remote sensing acreage estimation research pro-
gram at NASS has since evolved paving the way for the
current, more operational, CDL products. NASS has uti-
lized AWiFS data for several years and finds it compa-
rable to 30 meter Landsat-5 Thematic Mapper (TM) data
for agricultural monitoring (Johnson, 2008). In order to
contribute to policymaking, in 2000 Eurostat launched
a second pilot project called LUCAS (Land-Use/Cover
Area frame statistical Survey), which dealt with the ap-
plication of area-based techniques and remote sensing
to agricultural statistics. The identification of changes in
land-use and landscape structure is an essential aspect
mentioned in the project objectives. The environmental
components, as well as the analysis of the interactions
between agriculture, environment and rural areas, are
given increased importance in community policies. The
results of all these projects should be integrated into an
advanced information system on agriculture, based on
new information (remote sensing data at high and very
high resolution) and more elaborate interpretation me-
thods (agrometeorological models). The objective of this
system is to test the integration and interactivity of the va-
rious conventional and new methods of remote sensing
as an agriculture management tool (Gallego et Bams,
2008).
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In line with these new European trends, Romania pas-
sed from the "pyramidal" 4 system (exhaustive accoun-
ting type) applied to agricultural information before the
fall of communism to the adoption of market economy
rules during the post-communist period. This article pre-
sents the application of some of these methodologies to
the territory of post-communist Romania and establishes
correlations between local/regional results and the natio-
nal and European levels. The objective of this paper is
to show more specifically the implementation of an agri-
cultural information basis, knowing that the information
regarding the pilot projects is derived, most often, from
a macro-regional even continental level, derived from a
series of EUROSTAT type syntheses, where all the dif-
ferent levels are mixed up, which leads to the dilution of
regional/local information. This article is an example of
construction of the information on a regional scale.

2. Methods

Based on the application of principles of the MARS
program in the Eastern countries, this contribution
presents methodological elements concerning agricul-
tural surveys based on closed segment stratified area
sampling using small-scale topographical maps, as well
as SPOT (10m x 10m) and LANDSAT satellite images
(30m × 30m). The operational applications are provided
by the European Union, which, since 1992, produces
some of its agricultural statistics by means of area
sampling (Gallego, 1999) in the framework of the MARS
project.
This method has been used as of 1988 when 5 sites
were chosen each measuring about 20,000 km2 : France
(center), Germany (Bayern), Greece (Macedonia), Italy
(Emilia-Romagna) and Spain (Castillia-Leon). These
sites were chosen in relation with their representative
agriculture and the duration of the cloud coverage (to
obtain satellite images without clouds). In 1991, the
tests continued for the first sites (except Germany) also
including other neighboring regions. In 1992, a large part
of Spain and Greece was covered by this methodology.
Other regions/countries were also experimented : the
entire Belgium and three regions from South England.
Two areas which did not belong to the EU were chosen :
the entire Czech Republic and initially only a few regions
from the South of Romania (according to the Rapport
Regional Crop Inventories in Europe Assisted by Re-
mote Sensing : 1988-1993.).

The contribution of this paper, which is mainly me-
thodological, consists in the description of the different
changes carried out in order to make the methodology

4. During the communist regime, the "pyramidal" information
management system relied on the basic agricultural unit speci-
fic to a centrally planned economy (cooperative faming and/or
state-owned farming businesses), which was actually an ac-
counting system with obvious personal subjective marks.

better adapted to the territory and land management
conditions of post-communist Romania. The produced
geographical information refers to crop area statistics
specific to the month of June of each year 5 and to crop
yield estimates and predictions of the main crops (wheat
and corn).

2.1. Conventional methods

Survey techniques can contribute considerably to
meeting the flexibility and quick response requirements
necessary for land-use inventories and the estimation of
main crop areas and yields. Random surveys consist of
the random extraction of individuals from a total popu-
lation. There are several statistical methods of selection
that provide forecasts of what the statistical population is
based on the knowledge of sampled individuals, provided
that these individuals are selected randomly 6 (random
survey 7). Systematic sampling can be assimilated with
elementary or simple random sampling (Desabie, 1971).
If the selection is not completely random, no representa-
tive results can be derived with a computable error mar-
gin (Batesse et al., 1988). These methods are often "in
opposition" with the methods that use a "list" type ba-
sis. The random survey method used in this paper is ba-
sed on the principle that the sample must be established
in an objective manner, without the intervention of any
"personal factors", so that each element of the studied
group can have a chance to be chosen and in a way
that its chances can be determined with certainty. Ran-
dom selection can be applied to several primary or se-
condary units : departments, arrondissements, districts,
communes, urban islands etc., on the condition that the
systematic selection (here aligned systematically, cf. Fi-
gure 1) can be seen as a stratified survey. The notion of
stratification consists in regrouping in a same class indi-
viduals presenting similarities, so as to minimize variabi-
lity between two different layers. In order to perform an a
priori stratification, knowledge of the population is essen-
tial to fit the individual into a single layer according to a
given selection criterion 8 (Cochran, 1977). This implies a
very good knowledge of the land based on air photos, sa-
tellite images, maps or land surveys. Stratification often
corresponds to the objective of reducing survey costs or
optimizing its management. The main objective of strati-
fication is to improve overall information accuracy for the
whole set of elements involved.

For improving statistical accuracy, the stratified sur-
vey (cf. Figure 2) is recommended by many authors :

5. Compared to the classical agricultural statistics performed
each Fall.

6. In the probabilistic sense of the term.
7. A survey is random or probabilistic if a whole statistical

unit has a non-null and known probability of being selected in
the sample (Ardilly, 2006).

8. In the United States, area stratification is carried out by
taking into account the percentage of agricultural area in a given
sector : from 0% for urban areas, forests, water. . .up to 75% for
cropland in agricultural areas.
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FIGURE 1 : Aligned systematic sample.

"stratification, even though imperfect, is preferable to the
total lack of stratification" (Desabie, 1971).

FIGURE 2 : Stratified survey principle (according to R. Clairin
and P. Brion, 1997)

On the other hand, some authors say the contrary
and feel that further stratification should not be applied
with the a priori elimination of the land classes that were
not previously estimated, thus risking the overestimation
of agricultural areas that will be difficult to extrapolate. In
the United States, physical limits (which can be layer li-
mits) are used (Carfagna and Gallego, 2005). In France,
the Ter-uti agricultural survey abandoned the notion of
layers after three years ; it was impossible to manage be-
cause of the borders between layers, departments, ex-
trapolation coefficients, balance coefficients, etc.
Since the 1960s, France has focused on a system of
land-use surveys using point sampling (cf. Figure 3),
while the United States has implemented a system of
agricultural statistics surveys based on areas or "seg-
ments". In the case of land-use, point sampling has de-
finite advantages when compared to area or segment
sampling (Särndal et al., 1992) ; actually, the point is an
essential component of the yield survey and the surveys
relating to the new observation programs of the Euro-
pean territory (LUCAS 9).

9. Land-Use/Cover Area frame statistical Survey. In 2001,
the first Lucas pilot survey was conducted in thirteen member
states of the European Union.

FIGURE 3 : Random area-based method using a point grid
(Fournier, 1986).

The "segment" is not a portion of a straight line but
"a portion of territory composed of contiguous parcels"
(Fournier, 1986). Using a neologism borrowed from the
Americans, we call "segment" an area of 500 ha (1 km
wide in the east-west direction and 500 m high in the
North-South direction) 10. The segment method is an
area-based method, which uses the subdivision of the
territory (a "segmentation", hence the name of the me-
thod) into segments that are determined from natural li-
mits (water courses, roads, paths, forests, railroads, etc.)
or "artificially" built structures on the maps, often under
the form of squares. Using random selection, statistical
laws (probabilistic approaches) can be derived permitting
the extrapolation of the survey results, the shifting of the
sample (of the closed segment) to the study area and,
also, the calculation of the accuracy (for further details,
see the third section).
The closed segment 11 method consists of the identifica-
tion of all the land-use types within a segment in order to
produce area estimates. This method refers primarily to
the physical aspects of the segment composition. Since
the observation unit is the segment, estimates are thus
produced depending on the selection mode of the seg-
ment sample. The individual sample membership proba-
bility of the land-cover and land-use classes is thus pro-
portional to the area that they actually occupy.
Apart from the survey, a sampling frame2 (or survey
support) is required to be able to go from the sample
to the study area. The priority in the case of a sam-
pling frame is its updating, given the fact that a "sam-
pling frame becomes obsolete" (Brion, 1995). Moreover,
a sampling frame must be adjusted to the study field and
area. It is recommended to use a "composite sampling
frame" (Brion, 1995) : fine-scale topographical maps and
satellite images. Thus, satellite images can constitute
the survey sampling frame. Generally, these are used

10. According to the basic methodology, a segment must
comprise 5 to 15 plots/parcels.

11. Apart from this method, also worth mentioning are : the
open segment method, which consists in the analysis of all the
agricultural exploitations found in one of the segments selec-
ted in the sample and the weighted segment method ? which
enables the designing of a questionnaire for each agricultural
exploitation that has lands on the segment.
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as a sampling frame for demographic surveys in urban
environments, but also for agricultural surveys as com-
prehensive auxiliary 12 information or as support for the
stratification of the territory into homogeneous areas 13.
Present studies in statistics show the importance of both
the estimation of the variance and use of auxiliary va-
riables when several samples are available. The informa-
tion on the variance of an estimator enables the evalua-
tion of its performance and the determination of its accu-
racy. The use in an "optimal way" of auxiliary information
should permit the improvement of the quality of an esti-
mator (Deville and Särndal, 1992 ; Särndal, 2007). The
efficiency of remote sensing-based stratification varies
according to the refinement of the photo-interpretation,
but especially with regard to the distribution of the studied
land-use. Stratification efficiency is often limited by "the
multi-objective nature of the stratification and the asso-
ciated sample" (Gallego, 2005). Otherwise, a more detai-
led mapping support can be used. Thus, mapping must
be restricted to the visualization of the area distribution
and extension of the various land-use themes, whereas
the statistics enable a global and theme-based analytical
approach, which mapping does not allow.
A last aspect concerning sample surveys is survey accu-
racy. The estimate obtained from the sample must be as
close as possible to the unknown value to be assessed.
For this reason, to improve results a probabilistic sam-
pling method 14 should be used since "only probabilistic
surveys enable the estimation, at the end of the acquisi-
tion process, of the sampling error and, thus, the possibi-
lity of acting on the sampling plan to reduce it" (Barbary,
and Dureau, 1991).

3. Examples of area (spatial) sampling

Transition, in the former Eastern countries, can be
defined as the process of establishing new operating
rules for the economy and society. For statisticians, it re-
fers to documenting the new environment pertaining to
the economic and social reality based on adequate in-
dicators (Suesser, 1997). In these countries the overall
situation in agriculture, as well as in agricultural statis-
tics, is more traditional, and at different stages en route
towards the EU model. The expansion of the EU in
2004 and 2007 and the enhanced cooperation with fu-
ture member countries and other neighboring countries

12. Information concerning statistical units, other than their lo-
cation, which can be used in the survey ; these items of informa-
tion are called auxiliary variables that can be used to improve
the selection technique or for the calculation of a more efficient
estimate (Chikara et al., 1986).

13. Homogeneous areas in relation to a variable supposed to
be (or known to be, following a comparative study) highly corre-
lated with the one(s) to be estimated.

14. Methods of sample selection based on randomness and
random selection ; the method is said probabilistic because the
representativeness of the sample is assured a priori by the sta-
tistical laws of probability.

have visibly increased the impact of decisions on the or-
ganization and content of agricultural statistics in the EU.
The greater variety in crops and methods demands a re-
view of existing statistics, particularly in the EU context.

3.1. Area sample surveys

In Romania, the new statistical information system
was built under time constraints, with a rather clear vi-
sion of the main objectives and many new instruments to
install ex nihilo. During the 1992-2004 period, two Euro-
pean projects pertaining to European statistics were car-
ried out in Romania (MARS and LUCAS). The two pro-
grams relied on main crop area sample surveys.
The sample survey relies on the field study of a certain
number of rectangular shape areas (500 m × 1 km =
500 ha 15), without physical borders, geographically dis-
tributed over the territory taken into consideration (in this
case, the territory of Romania). The objective of this ap-
plication is to provide estimates at the national level of the
main crop areas with an adequate level of accuracy, and
to subsequently provide, at cropping time, yield forecasts
for crops of major interest. With regard to the initial ob-
jective, it was difficult to obtain satisfactory statistical re-
sults at the level of each of the counties in the country 16.
The survey actually provides global statistics concerning
land-use and all the types of land-uses have a probability
of belonging to the sample, proportionally to its areal ex-
tension. This area (the closed segment) without physical
limits in the field is first marked on the 1/25 000 topogra-
phical maps covering the whole country, according to the
selection principle presented below. Based on the expe-
rience of other countries (USA - EU) and the experience
gained in the Eastern countries since 1992, a sampling
fraction of 1% of the territory was established. Having
retained the rectangular shape segment with an area of
500ha, theoretically Romania is covered by 476 782 seg-
ments, from which we extract 1 from 100, or approxima-
tely 4,768 segments at the country level (cf. Figure 4, a
North-East portion of the country, and the Falticeni pla-
teau (Niculescu, 2002)).

The 1/25 000 topographical map of Romania
includes the superposition of a kilometric grid (1 km
× 1 km) in the East-West and North-South direction,
representing a partitioning of the territory of the country
into square grids of 100 km2. The grid is 2 km by 2 km
on the 1/100,000 maps. The survey consists in the
selection of two 0.5 km2 segments within each 100 km2

grid to ensure the desired sampling fraction. There are
several selection methods within the grids, all of which
ensure, to a greater or smaller extent, the geographic
dispersion of the sample (Kish, 1994). Two independent

15. The segment sizes were not modified in relation to the
American model, even though the segment sometimes included
up to 43 small plots. The ultimate goal was to ensure a signifi-
cant variance within the segment.

16. Romania is divided into 42 counties or « judete » (in Ro-
manian).
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FIGURE 4 : Closed segments on the northern side of the Fal-
ticeni plateau (North-East Romania, LANDSAT image (30 m ×
30 m).

selections, both systematic, were made following the
East-West and North-South directions (Niculescu, 2002).

Systematic selection consists in selecting individuals
whose ranks are in arithmetical or equidistant progres-
sion in relation to the other in the case of area-based
surveys. The first selection is called "repetition" 1 and all
the segments of this "repetition (Independent probabilis-
tic sample)"1 are equidistant at 10 km according to two
privileged directions, and the second selection, which is
not related to the first one, is called "repetition" 2 (cf. Fi-
gure 5).
The mapping projection is not identical over the entire
territory of Romania, the separation being aligned East-
West. To avoid any overlapping or shortcoming on the
North-South band, which is of interest to us, either the
repetition 1 segment or the repetition 2 segment were
retained to maintain the geographical distribution of the
sample. As the choice is made on the map, it is purely
random and does not favor a specific land-cover or land-
use. The final selection for Romania produced 53 sam-
pling units (from a total of 4 766) insuring a sampling
fraction of 1/99.96 and an average extrapolation coeffi-
cient of 100.04 per segment. Hence, the selection carried
out meets the requirements of randomness and geogra-
phical distribution, respecting the sampling fraction esta-
blished a priori. The segments were numbered successi-

vely, from 0001 to 4766, at the national level, line by line,
from west to east and from North to South. The numbe-
ring does not take into account the "initial" stratification
performed at the country level, since this would imply the
reintroduction of the results obtained on "layer 1" into the
results obtained from the other layers.

FIGURE 5 : Diagram showing the selection of two segments
within a grid square.

The numbering from 0001 to 4766 implies the fact
that the focus is on a land-use survey rather than on a
simple agricultural survey since all the "segments" theo-
retically participate in the result of the survey. Along the
same lines, the segment numbers of repetition 1 (or repe-
tition 2) are successively arranged, unit by unit. Actually,
the segments have received a double numbering, follo-
wing the same principle (West-East/North-South), but at
the level of each county, implying that the overall seg-
ment was allocated to a single county : this can be ex-
plained by the fact that the borders between counties are
administrative limits and not natural ones 17 . In France,
sampling relies on 8 possible repetitions within a 12 km
× 12km = 144km2 grid, whereas the Romanian model is
based on 10 possible repetitions within a 100km2 (10km
× 10 km = 100 km2) grid.
When partitioning the universe 18 into more or less ho-
mogeneous areas based on conventional topographical
maps or satellite images, the term zoning (In remote sen-
sing, areas of equal appearance) should be used ins-
tead of stratification. Using topographical maps and sa-
tellite images, a zoning introducing the notion of "layer
1" was performed, including the mountain area (Carpa-
thians) and the Danube Delta. This "layer 1" is covered
by 1,120 segments at the level of Romania as a whole.
The forests growing in the plains and large cities were
not isolated from the agricultural layer.
Overall, over the territory of the country, an area selection

17. Experience shows that the management of samples over-
lapping two administrative units or for two different layers is
practically impossible (with reference to agricultural statistics in
France).

18. The groups studied by the Descriptive Statistics bear the
general name of statistical universe or population.
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of geographically distributed 500 ha units was carried out
following the two independent selections made at every
ten kilometers in the East-West and North-South direc-
tions (cf. Figure 5). The allocation of the "segments" of
the national sample is by county and introduces "layer
1", characterized by little agricultural activity.
The nomenclature used in this survey is a physical land-
use nomenclature, with some functional notions for the
non-agricultural dimension. This nomenclature covers all
the land-use types (perhaps it could be improved at the
level of the "natural environment", forest being suscep-
tible of regrouping all the areas of spontaneous woody
vegetation and natural pastures regrouping all the heaths
and wild lands). There are 75 nomenclature themes, 41
of which refer to arable lands from 61 agricultural themes.
Another important aspect of surveys is the issue of sur-
veys made by pollsters. This is the key aspect of the sur-
vey. The random error due to the fact of pursuing the
survey in the first place can be easily calculated using
the appropriate statistical formulas for the type of survey
used. The observation error is more difficult to compute,
as there are several types of possible errors : location
error, error in the tracing of the parcels (omission, for
example), error concerning crop nature. The total error
is the result of the two types of errors. Whatever the im-
provements brought to the survey (multiplication of the
segment number, stratification or finer zoning), if the ob-
servation error is important, the total error will also re-
main important.

3.2. Pollster field observations

At the time, the air photo coverage of Romania was
not available or too old. The cadastre has not been upda-
ted since the land redistribution (1991) ; thus, it cannot be
used. The only support available was the enlargement to
1/10 000 of the 1/25 000 topographical map and/or high
resolution satellite images (here, SPOT P, 10 m × 10 m).
The maps were not very recent but had a sufficient num-
ber of landmarks and present an adequate sketch of the
road system, so that a field line can be drawn without too
many errors. Since the 1/25 000 map was the support
for sample selection, there is no error in transferring the
segment limits with the sides well oriented East-West or
North-South.
In Romania, the topographical map and the SPOT (10m
x 10m) and LANDSAT satellite images (30 m × 30 m)
constitute the basic survey documents. The samples pre-
sented are from the Falticeni Plateau located in North-
East Romania (Niculescu, 2002). The 1/25,000 map pro-
vides information on how to approach the segment and
what itinerary can be predicted (cf. Figure 6). As men-
tioned before, the map enlargement to 1/10,000 and the
SPOT (10 m × 10 m) image are the survey documents
used (cf. Figure 7). The use of satellite images is de-
finitely beneficial. The information provided relating to
the parcel plan structure is considerable despite poten-
tial confusion related to the identification of geographical

objects on the ground. By comparison, a survey file ela-
borated from points or segments gives only the values
at the level of those entities and provides no information
with regard to their interrelations.

FIGURE 6 : The topographical map permits the defining of an
access path (1/25,000).

On this site survey at 1/10,000 (cf. Figure 8), 1 mm
represents 10 m and it is difficult to expect a relative ac-
curacy in the field of 3 to 5 m. To draw a parcel with its
borders, it is essential that the parcel be at least 12 to
15 m wide. The drawing error can be important : it is
recommended for the pollster to produce a working do-
cument of the field before actually elaborating the final
version for the parcel plan on the overlay. The joined mi-
cro parcels are regrouped under a single number with
the code "-2" 19. The parcels are numbered and coded by
crop type by the pollster himself. For the parcels coded
"-2", the pollster records each crop found and calculates
the number of steps he takes across every field and then
transcribes these data in a specific record.

3.3. Results of area estimates

Results in this section refer to statistical area esti-
mates and a few indicators (variance, standard deviation
and coefficient of variation), which are necessary for re-
sult interpretation.

Sh = S
1

m

�
phi, (1)

Where :
– Sh = area in category "h" territory to be estimated ;
– S = area of Romania 20 = 239,391km2 ;

19. This is a conventional code.
20. According to official statistics, it is distributed into :

147,931 km2 of agricultural areas of which : 93,415 km2

are arable land, 33,626 km2 natural prairies and pastures,
14,893 km2 meadows for harvesting, 3,039 km2 vineyards,
2,958 km2 orchards ; 66,810 km2 forests, 8,926 km2 water,
14,724 km2 other types of lands (buildings, transportation in-
frastructures, etc.). Agriculture and forestry represent more than
62% of the national territory (90% together with forests). Agri-
culture and forestry represent over 20% of the national gross
added value.
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FIGURE 7 : On the SPOT P image (10 m × 10 m) the same "segment" is located in relation to its environment, Falticeni Plateau.

FIGURE 8 : Site survey of the same segment from the Falticeni Plateau.
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Crop Mean (ha) Mean (%)
Wheat 18,904,340 4.624
Barley 720,718 0.176

Variety of barley 3,504,781 0.055
Oat 13,592,216 3.325
Rye 2,443,665 0.592

TABLE 1 : Example of statistics obtained for Suceava country
(North-East of the country) in June (1998).

– m = total number of selected segments ;
– i = number of segments ;
– phi = percentage of category " h" territory within

the segment "I". phi is computed by summing up
the numbering of the segments : the areas of par-
cels that do not have a "-2" code and by allotting
to each field regrouped into the "-2" class an area
proportional to the number of steps made by the
pollster.

The variance of this estimator is :

V (sh) = S2×(
M −m

M
× 1

m− 1
)×

�
(phi−p̄h)2.(2)

M is the theoretical number of segments covering
Romania (M−m

M
= 0.99 is very close to 1 and can be

neglected). ph is the average percentage in category h

territory calculated for all the segments. Standard devia-
tion is :

σh =
�

V (Sh). (3)

The variation coefficient CV h is :

CV h =
σh

Sh
. (4)

It is a dimensionless variable expressed in %.
The survey was sorted by county (cf. Table 1) and by "-2"
coded parcels, not proportionally to the number of steps
taken, but according to the relative frequency of each
of the crops present in these parcels (a crop is counted
each time it appears in this parcel).

In proceeding this way, it can be argued whether
the agricultural is not favored in relation to the non-
agricultural land-use. How are paths, road or railroad net-
works, drainage or irrigation canals treated ? The seg-
ment survey refers to gross agricultural areas, whereas
the point survey deals with net agricultural areas (all
land-uses 3 m wide or with an area of more than 10 m2

has the probability of being selected, and area estimates
can be derived for roads, isolated trees, trails, etc.).

3.4. Yield sample surveys

A grid of six equidistant points located at a distance of
350 m from one another in the field is superimposed on
the segment plan (cf. Figure 9). Starting from the point
going to the farmer who is responsible for cultivation of
the field, an interview is conducted with regard to certain
parcel characteristics and main crop yields at the level of
the overall cultivated area.

FIGURE 9 : Yield sample survey.

Only one out of three segments for this yield survey
was retained, namely segments that can be divided by 3
in the national number (whatever the repetition). This se-
lection guarantees the dispersion of observations. Only
the segments of layers 2 and 3 (except for layer 1) are
part of the sample. The plain segments with 100% forest
selected in the yield survey are visited by the pollster to
verify whether there are crops on the segment. The inter-
view with the farmer will only take place after harvesting
and, then the pollster will go back in the field : in the case
of large parcels where the yield selection point can be
attributed without ambiguity, the pollster can obtain infor-
mation concerning the number and the address of the
farmer starting in June. Each of points is equiprobable
and all have the same representativeness. The informa-
tion obtained at the parcel level and correlated with the
area unit is self-weighted : the estimate of an average
will be the average of the identified criteria, correlated
with the area unit 21. A parcel must be counted each time
it has been selected (as many times as there are points).
The parcels have a probability of being selected propor-
tional to their area (unequal probability survey). First the
exploitation area must be defined : by taking into consi-
deration only the area of arable lands ; or the area of
arable lands, plus orchards and vineyards, thus the agri-
cultural area used (SAU) ; or the useful agricultural area
(SAU, plus heaths and wild lands). The data collected at
the level of each agricultural exploitation is weighted by
the reverse of the exploitation area. Selections with une-
qual probabilities require that there is a good correlation
between the studied variables and the selection variable.
Here, the selection variable is the exploitation area. Pro-
duction is related to the area and not to the crop distribu-
tion.

3.5. Results of yield estimates

Given the fact that the variables to be studied must
be correlated with the selection variable, only the main
crops are of interest (in France, the survey concerning
tillable lands is limited to only 6 to 7 crops 22).

21. Example : average dose of agricultural fertilizers = ave-
rage of the dosages used for 1 ha.

22. In France, approximately 300 agricultural exploitations per
county are retained. For the smaller counties in Ile de France,
the number decreases to approximately 150 exploitations (but
tillable lands represent almost 95% of the agricultural area
used).
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The crop by crop yield is obtained through the ratio bet-
ween production and area (the two are estimated from
the exploitation records) (Fournier, 1986) Eventually, an
accuracy ratio of this estimator 23 can be calculated. In
Romania, the survey is conducted by taking into consi-
deration the exploitations generated by the points selec-
ted over the entire area of the territory. If a point (with
a null theoretical area) is selected on a territory with the
area "S", the probability of this point including exploita-
tion "I", which means that it falls within the area occupied
by this exploitation, is definitely proportional to the ex-
ploitation area sI ; this is precisely sI/S. The selection is a
two-degree selection and systematic unequal probability.

3.6. Discussion
The advantage of random methods resides in their

ability to estimate result accuracy. Theoretically, they re-
quire prior knowledge of the area under survey, which
can be limited to the sampling design support acquisi-
tion. Airborne or satellite remote sensing provides ex-
cellent land survey support, namely high spatial resolu-
tion images, but also wide field-of-view images. Due to
their comprehensiveness, these data are quite useful as
sampling design support. The major constraint resides in
the quasi obligation to investigate the selected individual
- object -, so as to minimize the risk of the sampling lo-
sing its randomness (Desabie 1971).
The implementation of the MARS project in Romania
between 1992 and 1998 shows that the USA method
is appropriate for the specific territory and land ma-
nagement conditions of post-communist Romania. First
among these adaptations is the number of plots inclu-
ded in a closed segment. In the basic methodology, a
closed segment must include between 5 and 15 plots,
while in Romania the segment can comprise up to 45
plots, taking into consideration the fact that the land was
redistributed to its former owners. The political changes
that occurred in 1989 in Eastern Europe led to significant
changes in the centrally planned economy, which had a
considerable impact on the evolution of agriculture. The
passing of the law regulating land redistribution in Ro-
mania resulted in a higher number of landowners, which
fundamentally altered the structural agricultural unit itself,
from a centrally planned economic system model to a
dramatically changed land base structure.
The application of the closed segment method in Roma-
nia also took into consideration the characteristics and
topographical map coverage of Romania ; considering
that the map projection is not identical throughout the en-
tire country ; a systematic sampling from North to South
and from East to West was proposed. Ten possible re-
petitions within a 100 km2 grid were carried out with re-
ference to the administrative limits of the 42 counties in

23. The average yield can be estimated by calculating the
yield arithmetic mean (each yield is taken into account as many
times as the exploitation was selected). When dealing with large
numbers, the result is slightly different from the one calculated
with the help of the rigorous formula.

Romania.
A zoning introducing the notion of layer 1 (lightly agricul-
tural) was proposed taking into consideration the moun-
tain area (Carpathians) and the delta area (Danube
Delta). Hence, a land-cover and land-use nomenclature
was produced in relation to the geographical stratifica-
tion of Romania. Finally, the size of the closed segment
was chosen depending on the plot fragmentation in the
"plain" layer, in order o achieve significant segment va-
riance. For insuring the harmonization of the European
agricultural system, after 1998, at the suggestion of the
EU, Romania implemented area sampling methods ba-
sed on a point grid in the framework of the LUCAS pro-
ject. Theoretically, observations are performed using a
dimensionless point. Thus, proportions are normally cal-
culated rather than areas. In parallel, agricultural statis-
tics are also produced based on the agricultural areas
declared by farmers applying for subsidies from the EU
and the Romanian Government. Subsidies are granted
in accordance with European regulations (IACS = Inte-
grated Administration Control System. LPIS = Land Par-
cel Identification System.). The system is based on the
geographical plot location principle. Farmers listed in the
official records have to declare the area of their different
crops to receive European and national subsidies. There
is a control system to verify these declarations that re-
lies precisely on geographical plot location using satel-
lite images and GPS ground tracking. The Agricultural
Statistical Network Department is subordinated to the
Ministry of Agriculture, Forests and Rural Development
(MAPDR) and cooperates with the National Statistics Ins-
titute (INS).

4. Conclusions

This operation permits the testing in real size of a
system combining satellite images with data collected by
the statistical services. The feasibility of the system pro-
vides for the reduction of the number of satellite images
to be acquired and processed to a minimum. This im-
poses that we work on a reduced number of sites at the li-
mit of what statistical theory considers a random sample,
which is amplified by geographical continuity or disconti-
nuity phenomena that are difficult to handle, especially
the concentration of certain crops on a reduced num-
ber of sites. The main difficulty in yield surveys consists
in the fact that the information must be collected throu-
ghout the entire year as crops mature and certain data
become available. To preserve the timely nature of these
estimates, publication of the results before having access
to the total number of questionnaires must be contem-
plated. Waiting for the last questionnaire would lead to
delays similar to those of large national surveys.
The use of satellite images as survey documents does
not permit the estimation of areas of certain land-use ca-
tegories that have a linear or punctual shape characteri-
zed by dimensions inferior to the satellite resolution. The
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use of the latest-generation metrical and sub-metrical sa-
tellite images (IKONOS, QUICKBIRD, etc.) in agricultural
surveying promotes point area sampling. The diversity
of error sources excludes the implementation of a me-
thod that systematically corrects these errors and leads
to the search for a global correction metho 24. Recent
studies (Everaers, 2010) conclude that globalization and
issues such as climate change require a different ap-
proach to statistics, given the important role of agriculture
in the global economy, global economy sustainability and
contemporary society more generally, and this clearly in-
cludes agricultural statistics. However, the interrelated-
ness of agriculture with, for example, land-use and rural
development, and also with environmental sustainability
and overall wellbeing, is considered as being not yet fully
reflected in available statistical information.
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