
 
 
 
 
 

IMPACT OF REMOTE SENSING ON OFFICIAL STATISTICS 
 

Ömer L. Gebizlioðlu, H. Melih Aral, Nazan Teksoy*  
 

The advances in information technology and image analysis techniques have 
promoted the use of remotely sensed data as an alternative method of data 
collection in official statistics.  Remote sensing technology and image 
analysis yield reliable statistical information when they are integrated with 
the analysis media of Geographic Information Systems.  These techniques 
are now being widely used for spatial data collection and analysis in many 
statistical applications, especially on natural resources.  In this paper, the use 
of remote sensing in official statistical offices is introduced and its 
applications in a national statistical office are summarised. 
 
 

1. INTRODUCTION 
 
The current state of technological developments and the rapidly increasing 
use of remote sensing contribute to the enrichment and strengthening of the 
statistical activities of statistical offices. In addition to the conventional data 
collection modes such as sampling surveys, censuses, experiments and 
register systems; now, data collection by remote sensing (RS) is at the 
disposal of official statistics.  
 
Remote sensing technology has been improved to a level of applicability in 
recent years. It is cost effective and efficient if its feasibility is well assessed 
for subject matters under the consideration of remotely sensed data 
collection, storage, process and analysis. There is a rich experience in remote 
sensing applications (Colwell, 1983). Resource management, land use 
analysis, geological applications, agricultural applications, and even 
archaeology, anthropology and cultural resources management are some 
examples of it. 
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Digital image processing is an essential stage in the use of remote sensing in 
statistical applications. After recording electromagnetic radiation through 
sensors, the reflection values are transmitted digitally to the ground 
observation station where they are handled by advanced computer 
technology and capacitated computing software. Digital image processing 
techniques are also advancing well today for the purpose of extracting useful 
information from remotely sensed imagery (Jensen, 1986). However, remote 
sensing software systems are in need of fast developments and adaptations to 
meet the changing needs of remote sensing applications in official statistics 
where required resolutions of imagery span a wide range of levels depending 
on the application area. 
 
The main characteristics of remote sensing systems are that they produce 
large volumes of spatial data. Geographic Information System (GIS) is the 
major tool for handling geographically referenced spatial data. Data in GIS 
can be derived from a variety of sources including remote sensors. GIS in 
official statistics is expected to efficiently store, retrieve, manipulate, analyse 
and display the spatial data according to user-defined specifications in 
statistical data production activities. Remote sensing inputs are potential 
sources of new data or an alternative form of data capture for one or more 
well-defined data elements for the GIS. Therefore, remotely sensed data 
must be made well-integrated with existing GIS data definitions. Databases 
of modern official statistics will be required to be interfaced with GIS spatial 
databases which have remote sensing inputs also. In this regard, two 
additional issues emerge: Transformation of remotely sensed image co-
ordinates into a map projection, and dealing with a host of non-spatial 
attributes of entities in earth space whose measure of location is also a part 
of the data. In this sense, census geography and cartography are important 
activities of official statistics to build up and update address systems in strict 
relation with RS and GIS. The address system in official statistics is the 
ground of frames for censuses and surveys; therefore, for a computer-
assisted census and survey system in modern official statistics, remote 
sensing and geographical information system stand out as indispensable and 
dependable technologies.  
 

2. REMOTE SENSING AS A METHOD OF DATA COLLECTION 
AND ANALYSIS 
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Data needed by decision makers are collected by using either in situ or 
remote sensing methods. The method of in situ data collection is followed by 
the researcher who is observing or questioning the phenomena under 
investigation. This often takes place in human geography and other social 
science research. Remote sensing departs from traditional data collection 
methods. Remote sensors usually record electromagnetic radiation that is 
reflected by earth objects without physical contact with the phenomena. The 
majority of remotely sensed data collected for geographic applications are 
the results obtained from sensors that record electromagnetic energy. 
 
In statistical analyses, depending on the purpose of the investigation, there 
are times when only in situ data collection is practical, e.g., for instance, in 
the case of the socio-economic characteristics of households. There are also 
times when remote sensing is practical in the case of recording the spatial 
distribution of the settlements. Usually, it is necessary to collect both in situ 
and remotely sensed data. In such cases, each type of data may be used to 
calibrate the other. 
 
There are two main stages in a passive remote sensing system (see Figure 1), 
namely, data acquisition and data analysis. The basic elements of a data 
acquisition process are: 
 
• Electromagnetic energy source; 
• Propagated energy through the atmosphere;  
• Energy interaction with the earth surface; 
• Re-transmission of energy through the atmosphere; 
• Sensor platform (airborne or satellite); 
• Acquisition of data in pictorial or digital form. 
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Figure 1. Main stages of remote sensing. 
 
Analysis of the data takes place as follows: 
 

1. With the aid of reference data, information about type, location and 
condition of earth objects from remotely sensed data is extracted. This 
data could be in pictorial or digital form and it is analysed by using 
devices that are suitable to analyse digital or pictorial data. 

 
2. The information is compiled as maps, tables or databases in a 

geographic information system and presented to ultimate users. 
 
The basic principles and definitions about remotely sensed data are given in 
the following paragraphs. 
 

3. BASIC PROPERTIES OF REMOTELY SENSED DATA 
 
The most important characteristics of remotely sensed data can be explained 
by using the term “resolution”. Resolution, in its broadest sense, could be 
defined as a measure of the capability of remotely sensed data. As far as 
remotely sensed data is concerned, there are mainly four types of resolution. 
 

 Data Acquisition    Data Analysis 
 
 Source of Energy     
      
 Propagation through the    Reference Data and  
 Atmosphere    Data Products    
 
 
 Interaction with Earth    Visual and Digital   Users  
 Surface     Interpretation and Analysis 
 
 
 Retransmission    Information  
      End Products 
 
 Sensing Systems     
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Spectral resolution refers to the number of wavelength intervals that sensors 
can record in the electromagnetic spectrum. The electromagnetic spectrum 
covers all electromagnetic waves. Earth objects are distinguished depending 
on their reflectance, i.e., the portion of electromagnetic energy they reflect in 
each spectral range. Different objects have different reflectance 
characteristics for different frequencies. Therefore, as the number of spectral 
intervals (bands) which sensors record is increased, more information about 
earth objects could be obtained. This issue brings up again the importance of 
selecting statistical production areas where remote sensing inputs are 
planned to be included. The spectral reflectance of some earth objects as a 
function of wavelength is shown in Figure 2.  
 
It should be noted that at a given wavelength, the reflected energy is different 
for different earth objects. On the other hand, for a given object, the 
proportion of the reflected energy varies depending on the wavelength. 
 
Another type of resolution that has crucial importance in remote sensing 
studies is spatial resolution which is the measure of the smallest object that 
can be resolved by the sensor. For digital images, this is the area on the 
ground represented by a single pixel which is the smallest unit in recorded 
images. This kind of resolution is needed particularly in street network and 
address data as an image which is to be matched with large scale maps. 
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Figure 2: Reflectance of some earth objects. 
 
 
Radiometric resolution defines the number of possible reflectance values that 
a pixel can take in each band. For example, data with a pixel depth of 8, or 8-
bit data, have 256 values (28=256), ranging from 0 to 255. This is referred to 
by the number of bits the recorded energy is divided into. As the radiometric 
resolution increases, the sensitivity of differences also increases. 
 
Temporal resolution refers to how often a sensor records images for a given 
area. Frequency of imagery is important when the subject under investigation 
has a dynamic nature. Table 1 compares the resolutions of selected sensors 
that are commonly used in most applications. The data recorded by these 
satellites is commercially available. 
 

Table 1  
Comparison of resolutions for some sensors 

 
SENSORS  Spectral 

Resolution 
Spatial 
Resolution 

Radiometric 
Resolution 

Temporal 
Resolution 

LANDSAT5-MSS 4 bands 79x57 m2 8 bit 16 days 
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LANDSAT5-TM 7 bands 30x30 m2 8 bit 16 days 

SPOT XS 3 bands 20x20 m2 8 bit 26 days 

SPOT PAN 1 band 10x10 m2 6 bit 26 days 

NOAA-AVHHR 5 bands 1x1 km2 8 bit 14.5/ day 

 
4. IMAGE ANALYSIS AND STATISTICAL INFORMATION 

 
In order to extract meaningful information from remotely sensed data, the 
following processing steps are pursued: 
 
1. Description of subject under investigation: The analyst must first define 
the problem and investigate whether remotely sensed data is suitable for its 
solution. This is a very crucial step in official statistics. User needs, data 
definition, data model, and final statistical product type must all be carefully 
considered and planned. The non-spatial attributes and meshing of them with 
spatial information is planned and designing efforts to this end are 
administered at this stage.  
 
2. Data acquisition: The analyst evaluates different data acquisition 
alternatives and decides what type of images should be used. 
 
3. Initial statistical evaluation of images: The statistics involve maximum, 
minimum, arithmetical mean, variance, standard deviation of reflectance 
values. These statistics are used in displaying raw digital remote sensing 
data. 
 
4. Pre-processing of images: Geometric and radiometric correction 
techniques are applied to reduce environmental or sensor system distortion. 
 
5. Image enhancement: Image enhancement methods are used for improved 
visual analysis or as input to further digital image analysis. 
 
6. Extraction of thematic information: Thematic information is extracted by 
classification of reflectance values on the images. The classification results 
may directly answer the problem. In some cases, further analysis may be 
needed on the classified images. Geographic Information Systems usually 
provide the necessary means to analyse spatial data coming from different 
sources. 
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7. Geographical Information Systems: Thematic information obtained from 
the images could also be integrated with other spatial data in digital form. 
GIS is an important tool in integrating spatial and non-spatial data coming 
from different origins. The basic structure of a GIS is shown in Figure 3. 
Data from maps and attribute data are integrated with the data coming from 
satellite images; reports and thematic maps that summarise the current 
situation are prepared; and, different scenarios from integrated data are 
presented to decision makers. 
 
 

 
 
Figure 3: Schematic representation of a Geographical Information System. 
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Remote sensing is useful in obtaining data on the location, type, condition 
and size of objects. Major areas where information extracted from remotely 
sensed data are extensively used are given below: 
• Geology 
• Agriculture 
• Forestry 
• Meteorology 
• Environment pollution monitoring 
• Land cover/land use determination 
• Urban planning 
• Cartography  
• Security and defence 
 
It must be stressed here that the most useful statistical areas for the use of 
remote sensing are those areas in which rapid detection of change is the main 
input for the final statistical information. The list of major areas of remote 
sensing applications given above confirm that this aspect of remote sensing 
is appreciated a lot in official statistics.  
 

5. OFFICIAL STATISTICS AND GIS/REMOTE SENSING 
INTEGRATION 

 
Given the wide spectrum of data to be collected and analysed, GIS/remote 
sensing becomes one of the most crucial tools to be used in official statistics. 
However, many critical factors need to be considered for successful 
implementation of these technologies in official statistics activities. The most 
important of those are: Determination of realistic and long term oriented 
system objectives; selection of valid and effective procedures; data 
definition; integration of all data in totality received through statistical 
systems; organisation and management of GIS and remote sensing system. 
 
The conventional set-up of data collection practices of official statistics 
systems comprises geographic support for censuses and surveys. Hence, 
development of GIS in such systems can be conveniently started in 
connection with census geography where frames for censuses and surveys 
can be found as addresses of several entities such as households, business 
enterprises, parcels, land sites and the like. 
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Data inventory of a statistical system is based on some address frames. 
Therefore, GIS development in official statistics starts with introducing 
geographical referencing to data. This costly and tedious job creates 
statistical information with a spatial context. Construction of required spatial 
context of data is a matter that bears on the objectives of a statistical system. 
In this regard, priorities of a system must be so determined that GIS and 
remote sensing applications are pursued accordingly. 
 
GIS development for a large regional area can be realised through projects 
with small and manageable regional coverage. Such a plan is advisable for 
national statistical offices. This is due to the fact that countrywide statistical 
GIS applications can best be achieved by gradual improvements through 
regional coverage increased in time. Remote sensing proves to be a reliable 
data acquisition tool in carefully selected GIS applications. However, 
building the conformity of GIS and remote sensing data waits to be 
completed along with developments of definitions and standards of such 
data. In this sense, improvement of a mapping basis for GIS and integration 
of remotely sensed and other statistical data emerge as a priority task for 
official statistics that plan to build their own RS and GIS. 
 
Along these lines, some discussions about GIS and remote sensing 
applications in an official statistics environment are presented below.  
 
For the purposes of creating a geographically referenced address system that 
covers the addresses of all types of data sources, a systematic approach is 
required. 
 
The objectives of such a system are derived from the end-users. The data 
type, the way data are presented, and the time frame of available data are 
important to users. In a multi-user environment, the diversity of user needs 
gives rise to multi-objectives that should be set as aims of the short-, 
intermediate-, and long-term plans for the System in operation or production 
mode. Obviously, the user’s needs are not stable. So, an ordering of 
objectives becomes necessary: 
 
a. Long-term Objectives 

• Establishment of a computer-aided stratification and sampling 
(CASS) system; 
• Establishment of spatial (relational) databases in time domain. 
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b. Intermediate-term Objectives 

• Construction of the map of the country in the computer 
environment; 

• Digitisation of the urban and rural zones; 
• Comparison of the maps with satellite images, air 
photographs, and field works; 
• Creation of databases for utilisation within CASS system; 

• Loading GIS with existing and new data that will constitute the 
ultimate spatial database. The implementation plan will follow 
 • Agricultural statistics database; 
 • Environmental statistics database; 
 • Industrial statistics database; 
 • Commerce statistics database; 
 • Socio-economic structure statistics database. 

c. Short-term Objectives 
• Establishment of the Geographic Information System and the 
Remote Sensing functions integral to the official statistics 
organisation; 
• Digitisation of the maps of those provinces that will be considered 
[as] initiation projects;  
 • Digitisation of 1:25000 scale maps; 
 • Accuracy comparisons of the maps with the satellite 
images; 
• Completion of the data dictionary for the data to take place in the 
relevant databases. 
 

The past and current data collection programs of statistical offices present a 
statistical description of the socio-economic aspects of a particular country. 
The time dimension of such information is in existence, because many 
statistical data are formed as time series. However, it is not possible to say 
the same about the spatial dimension, in a real GIS sense, although the data 
and information are provided in terms of the provincial and regional 
referencing. 
 
Attempts at combining the created inventory by the programs that collect the 
data mentioned above give rise to some important issues to be considered: 
 
• Types of censuses / sample surveys that use census geography 
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• Geographic levels and referencing 
• Methodology 

• Relation of geo-statistical areas to administrative and statistical 
areas and to other units in the country  
• Street addresses used in censuses / sample surveys  

• Cartography 
 • Maps for census / sample design areas 
 • Enumeration area 
 • Thematic maps for the output information 
 • The use of digital files of maps 
 • Raster scanning and vectoring of digitised maps 
• Development of quality measures to describe the geographic bases 
• International standards 
 
It is implicit in the GIS operation model of the system that the data for the 
system will develop through the integration of remote sensing and GIS. The 
basic difficulty in integrating remote sensing with GIS is rooted in the 
differences in data acquisition, storage and access methods. Remote sensing 
image data come from a one-dimensional sampling in the time domain and a 
two-dimensional sampling in the spatial domain. GIS data types cover a 
wider range of sources than those used in remote sensing. 
 
Raw data collected by a sensor can be images, profiles, and image cubes. 
The raw data can be transformed into raster image data; and vector data. On 
the other hand, the GIS data types emerge as raster and vector data. The 
relation and combination of GIS data and remotely sensed data can be done 
by survey measurements in order to tie information to a geodetic co-ordinate 
system. The data conversion and exchange methodology that serves to 
combine remote sensing and GIS data together is determined by specifying 
 
• the requirements for remote sensing data to be used in GIS applications; 
• data structures for GIS-based image interpretation; 
• data conversion and exchange standards in GIS and remote sensing for 

the best access to GIS, remote sensing and cartography; 
• decision to use either the data transfer or the information exchange 

options (Gebizlioðlu, Aral, and Teksoy, 1995). 
 
All statistical activities of statistical offices require a well-maintained 
address frame. Activities like population census, census of business 
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establishments, and land use identification activities are set to serve also the 
purposes of defining a universal set of entities with spatial reference 
characteristics from which samples for further studies are selected. For 
instance: Use of high resolution images of urban zones and classified images 
of rural zones coupled with geographically referenced databases facilitate the 
management of such activities and also greatly increase the effective 
utilisation of the data produced. The selection of samples, then, could easily 
be performed by using the frame obtained. 
 

6. AREA SELECTION FOR REMOTE SENSING 
 
Remote Sensing pays off best in statistical activities of official statistics 
when rapid and timely production of information is required. Agricultural 
crop yield and environmental pollution are examples of such cases.  
 
It is not practical to cover the whole surface of a country by remote sensing, 
nor is it financially feasible to input countrywide remotely sensed data in 
statistical data and information production. Therefore, an area sampling 
approach is adopted in most remote sensing applications for country-wide 
studies. Sample areas representing the subject matter structure and variations 
of the relevant features can be chosen, and the consequent information 
obtained from these areas can be used for statistical inferences. Employing 
GIS in survey processing and survey designs has a direct impact on 
increasing the precision area sampling. 
 
The selection of sample units usually requires a stratified random area 
sampling strategy. The conduct of ground surveys and procurement of 
remotely sensed images must be done accordingly. So, this is obviously a 
very critical step of the remote sensing methodology in official statistics. 
Depending on the subject under study, the map-based stratification of wide 
surfaces must be completed before sampling can be started. After completing 
the stratification of the country, the determination of optimum sample size 
and sample allocation can be performed by applying the following strategy:  
 
Let X be the characteristics of interest for which final statistical information 
will be produced. Let H be the total number of strata; Nh, the number of 

units in the population for the h th stratum, h= 1,2,..H. The problem is to 
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determine stratum sample size nh, and thus the total sample size n nhh
=∑  

in order to get a statistically good estimate of the value of X. 
 

Following the generally accepted strategy by Cochran (1977, pp.85-149), the 
nh values can be calculated by minimising the following quadratic loss 

function; we state:  
 

L W V Xh
u

h

h=∑
∧

( ( ))2  

 

subject to the constraint n nhh
=∑ ; where V X h(

~
) = Var X Xh h( )/

∧
2  ; Xh is 

the stratum value of X, X h

∧
 is its estimate; Wh is a weight function 

indicating the importance of the stratum and the crop type, and u is what we 
call the power allocation coefficient following Fellegi (1981, pp.47-76). 

Here, X N x nh h hi hi

∧
= ∑ /  , i = 1,2, .., nh, is the estimator of X xh hi i

=∑ , 

i=1,2,..Nh, such that X X hh
=∑  for h=1,2,..H. The minimum of loss 

function L is obtained for  
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u

h h h
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h
h
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∑( / )/( / )  

 

with S x X Nh hi h hi

2 2

1
= −∑ ( ) /( ) ; i=1,2,..,Nh, X X Nh h h= /  and 

[ ]Var X N n N Sh h h h h( ) ( / ) ( / )
∧

= −2 21 1 . 

 
It may be necessary to associate a cost component with the sample size and 
sample allocations. For this purpose let the total cost function be 

C c C nh hh
= +∑  such that C n C ch hh

= −∑ ( )  where c is the overall cost 

and ch is the stratum cost. Considering the product of (C-c) and the 

~
( )V X h

∧
term in L function and minimising L yields nh values inversely 

proportional to Ch ; so as ch is increasing for all h, the sample size must 
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be decreasing. Note that when u=1 and W Xh h= , the optimal allocation nh 

is actually a Neyman allocation (Cochran, 1977). If u=0, 
~

( )V X h

∧
for H 

number of strata become almost equal to each other given that stratum 
coefficients of variations are not varying largely. 
 
There are two important issues here: (a) Determination of nh when there are 

more than one variable; (b) Sample size effect on probability distributions 
for variable of interest, X. The first issue can be tackled by choosing the 
largest nh among the ones calculated for all variables under investigation; or 

by considering the spatial correlation among the variables over the area 

(Gebizlioðlu, 1991, 1992) so that 
~

( )V X h

∧
values are calculated accordingly. 

To solve the second problem, the effect of sample size on bias and variance 
of the parameters of distribution of X must be studied. When the distribution 
of X happens to be Gaussian, the optimal quadratic classifier based 
classification of images [Fukunaga and Hayes, 1989] and the optimal sample 
size determination given above fall in parallel and become supportive of 
each other. 
 
With this approach the most reliable results can be obtained with minimum 
cost in a remote sensing related optimal decision making process. A full 
description of this approach is given in Gebizlioðlu, Aral and Teksoy (1995). 
Such an area sampling strategy can be used for continuous and discrete 
distributions. A grid of quadrates is laid over the study area, first, and then 
quadrates are sampled according to the sampling plan of the strategy which 
are actually probabilistic strategies. In socio-economic surveys, usually there 
are administrative units which are shaped as irregular polygons in terms of 
their boundaries on the earth surface. These must be handled with a 
predefined set of polygons within which data are observed. 
 
There are some further attempts at designing sampling surveys by remote 
sensing for frames of square areas which take into account some physical 
limits. Distance limits and restriction to randomisation by square blocking 
are some examples of such limitations (Gallego, 1995). 
 
Point, transact, quadrate sampling and ad hoc sampling strategies for 
irregularly shaped data can be realised using various area sampling 
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techniques (Ripley, 1981,1988) by taking spatial data handling advantages of 
GIS. 
 
7. REMOTE SENSING ACTIVITIES AT THE STATE INSTITUTE OF 

STATISTICS 
 
7.1. General  
 
In Turkey, more than two thirds of official statistical information is collected, 
stored, and disseminated by the State Institute of Statistics (SIS). This 
information can be grouped as follows: 
 
• Social statistics (population, demography, education, culture, sports, 

tourism); 
• Statistics of agriculture and industry; 
• Labour force, household income and expenditures, price statistics; 
• National accounts; 
• Environmental statistics. 
 
In addition to the dissemination of information on paper and magnetic media, 
SIS is about to run on-line dissemination of its products as well as improve its 
production processes (SIS, 1993). With the ever-growing use of information 
technology, the organisational background supporting the statistical production 
activities is getting more and more important each year. In SIS, technical 
support activities like information systems and data processing play a major 
role in the production of information. For the effective and rapid collection and 
interpretation of data, importance is also attached to the utilisation of new 
technologies such as remote sensing and geographic information systems. 
Above, the general information about the current state of the art on the 
development and use of these technologies has been discussed from the 
viewpoint of official statistics experiences of SIS. Now, some description of 
RS and GIS applications in SIS activities will be presented. 
 
7.2. Remote Sensing Studies 
 
As a country where crop production plays a major role in the agricultural 
sector, Turkey attaches great importance to a reliable and rapid estimation of 
the crop yield.. Timely and reliable forecasts about crop yield always enable 
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decision makers to take precautionary actions for food import and export 
policies. 
 
In order to determine the agricultural structure of the country, the State 
Institute of Statistics conducts an agriculture census every ten years. In 
addition, crop yield estimates are made by the Ministry of Agriculture on a 
yearly basis. The General Census of Agriculture is based on the declarations of 
the respondents and therefore the results are controversial. Furthermore, the 
cost of obtaining those results is extremely high. On the other hand, the yearly 
estimates reported by the Ministry are based partly on subjective evaluations 
the full reliability of which is always suspected. In view of the above, Turkey 
has no alternative but to establish an Agricultural Crop Monitoring System 
which will provide reliable on time information at a reasonable cost. A project 
has been underway for some years now at SIS to build the said system as an 
integral activity of statistical production. 
 
The objective of the project is to establish a rapid, reliable and economical 
system which will  
• produce forecasts for the yield of wheat, barley and if possible sugar beets, 

maize, and sunflower; and 
• play an important role in determining agricultural land use. 
 
For the accuracy of the forecasts, it is necessary to form data bases that will 
enable the determination of land use for the cultivated areas. A Geographical 
Information System has been initiated to combine these databases with 
industrial, environmental, economic and demographic data. Therefore, an 
integrated database of agricultural and land use statistics and the spatial 
information which produce data to each other and in support of each other has 
been growing in size. Topologies of spatial data and arrangement of data on a 
grid of polygons have been specified with long-term objectives. Data storage in 
the GIS has also been planned by taking into consideration the vector or raster 
format (Arbia, 1993) specifications of current and future data. 
 
For the estimation of the crop area, it is not practical to acquire satellite images 
covering the whole country (complete count), nor is it possible to process these 
images on time with limited financial sources. Moreover, it is almost 
impossible to obtain cloud-free satellite images of the whole country within a 
period of a few months. As a result, the complete count approach does not 
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appeal at all since it will have inevitable prediction errors, and will never give 
results on time and economically. 
 
The SIS Remote Sensing Project is presented in detail by Gebizlioðlu, Aral, 
and Teksoy (1995). A brief summary of the project is given below. 
 
Since the determination of the agricultural acreage in Turkey by exhaustive 
coverage with high resolution satellite images is not practical, a "Statistical 
Model" approach based on area sampling was accepted for the project. A pilot 
project was designed at first to build the initial models and other aspects of the 
approach. According to the criteria mentioned above, 3 sample sites, each with 
an area of 40km X 40km, were selected for the pilot study. These sample sites 
are: 
a) Tekirdað, 
b) Konya-Karapýnar, 
c) Eskiþehir-Sivrihisar. 
 
Within each square area of 40km X 40km sample sites, 16 segments were 
selected systematically each with a size of 700m X 700m (totally 16 X 3 = 48 
segments). Ground surveys were conducted in each field falling in the 
segments. The information about crops (variety, density, health, seeding 
rotation, etc.,) obtained by ground surveys were used to check the interpreted 
images toward the aim of valid stratification and classification of information 
on imagery. 
 
The radiometric and geometric content of the images had to be corrected in 
order to make them comparable with respect to dates and across sensors. 
Radiometric correction was necessary for reducing the effects of the 
atmosphere in the image, and geometric correction was used to make the 
images and ground data coincide with each other. These corrections were 
performed automatically by advanced image processing software. 
 
The methodology of crop acreage estimate depends on the data on the sample 
sites and on the experience gained in the classification of the sites. Hence, it 
was planned so that the same sites in the project will be visited each year in the 
hope that the information accumulated through the years will facilitate a better 
classification of the images. 
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For a reliable estimation, it was assessed that the processing of at least 4 
images is necessary for every one of the 3 test sites. These images had to be 
acquired at different dates depending on the crop calendar (sowing, flowering 
and harvesting time). Since crops have different reflectance characteristics at 
different stages of growth, multiple images were needed for better 
discrimination. Depending on our past experiences and others’, the optimal 
number for discriminating most of the crops was found to be four. However, 
since the major objective of the project is to predict crop acreage, two images 
were found to be sufficient for the discrimination of grains from other 
vegetation. 
 
In order to establish a database for the sample sites, information about crop 
types, soil structure, phenologic characteristics and land characteristics 
(altitude, drainage, etc.,) at the sites were collected in the preliminary stage of 
investigation and during the preparation for selecting new sites. For this 
purpose, the segments selected in each sample site were located on the images 
and field boundaries traced in ground surveys were digitised.  
 
The adopted estimation process takes place as follows. The images belonging 
to different dates are compared with each other for each crop found in the 
segments. Then, the radiometric variation between the images is determined 
and ground survey results are combined in a table to construct a database. As a 
consequence of discrimination of crops by radiometric behaviour, 
classifications of the images related to crop type are performed. This is done as 
follows. First, two images are classified separately and the method of "Logical 
Crossing" is applied between classified images (see Figure 4). Following this 
process, a new classified image is obtained [Result 1]. The consecutive images 
are classified separately. The classifications are refined by logical crossing 
with the previous results. With this method, selected sites and segments should 
not be changing in time so that we can obtain a consistent time series. This 
means that 3 selected sample sites will be used again in the following years 
unless a radical difference occurs in conditions. New sites are planned to be 
selected as the processing and storage capacity of the hardware and GIS 
database permits. 
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Figure 4. Logical classification. 
 
The estimations made for cereal cultivation in the three test sites are compared 
with the ground truth data. The error components and final accuracy 
assessment derived from these comparisons are given in Table 2. 
 

Table 2  
Error classification and accuracy assessment for cereals in the three pilot 

sites 
REGION Omission error (%) Commission error (%) Accuracy assessment (%) 
Karapýnar 8.2 28.2 92.0
Sivrihisar 9.5 32.4 90.5
Tekirdað 10.0 20.8 90.0
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In order to increase the reliability of acreage and crop yield estimations, it is 
necessary to construct a database as discussed above to store the information 
about the parameters that effect yield (soil type, meteorological data, etc.), 
acreage and land use.  
 
The current practice of remote sensing in SIS involves further stages of the 
crop estimation project and several technical contributions to census 
preparations and survey studies. 
 
There are about twenty-five area blocks of size 42km X 42km each under 
investigation in the year 1996 for the finalisation of the statistical system of 
crop area estimation. These are selected according to the principles of optimal 
area frame sampling. Within each block, the measurements are obtained on 
hundreds of segments which are our units of observation. 
 
Water resources management and statistical water monitoring system are other 
areas of activities that remote sensing, as a data collection and analysis tool, 
supports. Water bases over the whole country constitute observation units of 
these studies. So, works on test sites are developing towards the full coverage 
of the country in the future. 
 
Another important area where remote sensing will be used is the year 2000 
population census of Turkey. The address base of houses, business enterprises 
and other entities are being constructed on GIS that uses high resolution maps 
of large urban areas. 
 

8. CONCLUSIONS AND RECOMMENDATION  
 
With the advance of technology, investment in advanced data capturing 
techniques has been increasing rapidly in statistical organisations. It is very 
well known by statisticians that even the best designed surveys cannot yield 
purely objective results. Human intervention in data collection always causes 
deviations from the truth. Therefore statisticians tend to utilise objective data 
collection techniques as much as possible. Furthermore, minimisation of the 
response burden is becoming one of the main topics in statistical offices. 
Respondents do not want to devote much of their valuable time to a survey. 
So they tend either not to reply to a questionnaire or to give short and 
dubious answers to the questions.  
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In addition to other advanced data collection techniques such as Computer-
Aided Personal Interviewing (CAPI) and Computer-Aided Telephone 
Interviewing (CATI), the use of satellite imagery as a data capturing 
mechanism is being increasingly used by statistical organisations. Most data 
on variables directly related to geography and/or land cover are obtained by 
using satellite data in many countries. Using remote sensing in official 
statistics enables the statistical system of a country to produce fast and 
reliable results for wide areas. This is even more so when detection of 
change is what is aimed at in remote sensing studies. 
 
Satellite images cannot offer ready solutions for data collection problems. As 
for other techniques they have shortcomings as well. It is impossible to 
obtain satisfactory statistical results using merely satellite data. It is always 
necessary to accompany the remotely sensed data with field work. In order to 
precisely match the reflectance values recorded by satellites with the ground 
truth, ground data in some reference regions should be collected. 
 
The need for field studies in remote sensing makes it necessary to 
incorporate cartography into the studies. Representation of a point on earth 
on an image always carries some problems. A good knowledge of the 
required techniques is necessary to overcome such problems.  
 
It should be noted that Remote Sensing is actually a method of data 
collection. In order to store, retrieve and manage spatial data acquired by 
remote sensing devices a special medium is necessary. Geographic 
Information System provides a suitable medium for this purpose. By 
integrating spatially referenced data with attribute and numeric data, it 
becomes possible to analyse several phenomena with reference to the non-
geographic entities, such as administrative units, in the context of spatial 
features and interactions. Hence, it is possible to say that the main positive 
impact of remote sensing in official statistics is that it forces to build GIS as 
an integral part of a statistical information system. 
 
A common failure that occurs when starting to invest in remote sensing 
applications in official statistics is the inability to achieve a balance between 
hardware, software, existing human resources, and the required know-how. 
Computer platforms supply necessary tools for analysing images and serve to 
create correct results as long as the users are knowledgeable in data analysis, 
methods of geometric correction, types of cartographic projection, and 
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optimum classification techniques. Accumulation of domestic expertise and 
know-how is not only a major part of the investment but also a prerequisite 
for building up efficient and effective RS and GIS techniques aimed at 
achieving the main goals of activities in official statistics. 
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