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PREFACE

This report contains two invited contributions to meetings held
under the auspices of the Statistical Commission and Economic Commission
for Europe, Conference of European Statisticians. The first paper, on
land use and linkages, was prepared for the Meeting on Land Use Stati-
stics held in Geneva, Switzerland, 17-20 March 1980, and the second
paper, on point sampling, was prepared for the Seminar on Environmental
Statistics held in Warsaw, Poland, 16-19 September 1980. The Warsaw
seminar was arranged in cooperation with the Senior Advisers to ECE
Governments on Environmental Statistics.

The papers included in this report deal with issues of central
impértance in the work the Central Bureau of Statistics is undertaking
in relation to environmental statistics, resource accounting and in
particular to land accounts and land use statistics. The views expressed
are those of the authors and do not necessarily repxresent those of the

ECE or of the Bureau.

Central Bureau of Statistics, Oslo, 20 November 1980
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1. In the Norwegian land accounts system, attempts are made to provide
for linkages with several different types of data systems. The land
accounts system by itself requires linking of a number of rather different
data sources; the land’accounts are linked to population and production
statistics in order to make possible land budgeting, to the accounts for
other resource categories, and to environmental data.

2. The problem of determining and identifying the unit of observation is
probably particularly acute where land use statistics is concerned. There
are no given, natural units such as human individuals or business establish-
ments. Lacking such natural units, the means of geographical identification,
holdings, regions, addresses and co-ordinates in space, are all important
linkage mechanisms.

3. Examples of the four kinds of data sources on Norwegian land use (censuses,
registers, maps and map-derived registers, and point-sampling surveys) are
given, with a brief discussion of their main characteristics and in particular
their means of geographical identification.

b The Norwegian land accounts system is based on two main linkage units, the
holding (identified by the property/holding-number and in the Economic Map
Survey), and the sample points in systens established for this purpose
(identified by map co-ordinates). Data is published by administrative regions
such as counties, municipalities and urban areas.

5. By way of illustration, the linkages between agricultural censuses and the
l.and Register, between the National Forest Survey and the Economic Map Survey,
between housing censuses and the topographical mep, and the linking of land use
in urban areas to industrial production are discussed very briefly. The linkages
to registers of geocoded data are also mentioned.

6. The land accounts are linked to resource accounts such as those for water
resources, wood products and minerals, and to environmental data such as. air
quality in urban areas. The sample point systems and the watercourse register
will be used as a basic geographical reference to observe and monitor environ-
mental data in general, possibly even in Norwegian ocean territory.



J. Introduction

7. In the Norvegian land accounts system attempls are riade to provide
for linkageswith several types of data systems. The land accounts system
by itself requires linking of a number of rather different data sources;
the land accounts are linked to population and production statistics,

to the accounts for other resource categories, and to environmental

data.

8  The need to link land use data from different sources is obvicus.
Very few data sourccs cover all of the national territory, and those
with a high level of coverage are usually specialized ard narrow in
content in relation to the needs of national and regional land use
planning, which presupposes integratied, multi-dimensional land use
informztion. Particularly with regaerd to potential use of land for
different purposes (urban development, agriculture, forestry) and with
regard to changes in land use, detailed and integrated data are

required.

9. Changes in land use, moreover, are intimately connected to
demographic and economic development at the national and regicnal levels,
so that when the land accounts system is to be used as a basis for

lerd budgeting, linkages to population and production data zre required.
This is also desirable from the point of view of analysing the intensity
of 1and use (population density, economic productivity etc.).

1C., The land accounts system is also central to thie attempt to integrate
the different resource accounts. Several resource categories, such as
agricultural products, wildlife, and forest products, are, as biotic
resources, directly connected to land as a major factor of production.
With the water resource accounts, the land accounts make up the category
of geo-accounts, in distinction to the material talances-accounts (as for
instance energy accounts, minerals accounts, forest products accounts).
This means that the land accounts system provides the geographical
framcwork for integrating ceveral biotic and abiotic (mining, energy
production) resource accounts. (Even if mure localired in their land
requirements, abiotic rescurces, too, locate in space and may have major
land use and environmental implications through the way they are
exploited.)

1l.Iastly, the land accounts system provides for the linking of
environmental data to the land use inforwnation produced by tre system.
That is, different types and categories of land use may be correlated
with such indices of environmental quality as concerns air, water and
other environmental components.
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71, Linking the statistical individual: Wrnat is a land use unit ?
12, The idea of linking data from diffei=nt sources is of course to
disaggregate data in order to advance from correlations on a regional
or even national level to correlations on the level of the statistical
individual. However, the problem of determining and identifying the
unit of observation is probably particularly acute wnere land use
statistics is concerned.

13. A land use unit ic perhaps Lest defined as a homogeneous field

(or parcel) of land, but tne operative word (and ine deceptive one)
here is "homogeneous". A 1snd use unit is defined and da=limited
differently according to different dimensions of land use and different
iyres of characteristics. There are no given, natural units (such as
human individuals in population statistics or business establishments
in industirial statistics), but a plethora of units that multiply in
number and get progressively smaller in sire atc the number of charac-
teristics to take into account increases. With a seven-digit system

cf classes, the main classification in the Norwegian land accounts
system provides for & theoretical maximum of ten million classes and an
actual numter of four hundred thousand.

14. Most land use statistics are conventionally presented by administrative

regions and/or by holdings (pa‘ticulairly for data from agricultural or
forestry censuses). Tue holding is not, strictly spraking, a unit of
land use, but an aggrefate no different in principle from other types
of regions, witn no information on the lard use units (fields, parcels)
as such. Tne holding is thus a means of geographical identification,
along with other regions, geographical coordinates, and adresses. Tnese
are all important linkage mechanisms, and as such will be discussed
repeatedly throughout the remainider of this paper.

ITI. Some important Norwegian data sources and their characteristics

15, To provide a unified system cf laénd use statistics, data from
several sources are needed. F[iost of these sources zre specialired and
cover only part of the territory in question, and even wnen covering
the same (part of the) territory, they..often differ on the amount of
land in comparable classes.

16. These aifferences may be due to different statistical populations,
to different methods of collection, to different classes and definitions
of claszes, and to different tims references, quite apart fron their
identifications of the statistic:1l individuals. Tne sum total of trese
diffe:ences makes it imp-ralive to compare and control land use cdeia at
some soxrt of individuzl or nicro level.
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17. Briefly, tlere may be said to e four xinds of data sources for
lénd use information:

(2)

(b) registess

-

0

encuses

(c) mapc and mzp-derived registers

(d8) point-sampling surieys
I11.1 Censuses of agriculture and forestry

13, In recent decades, censuses of agriculture and of forestry have
bzen held at ten-year intervals. Tne censuses have, nowever, been
held in different years (the one of agriculture two years after the
one of forestry), and with non-comparable populations; the agricultural
census covering all agricultural holdingsin excess of 0,5 ha agricultural
land, tlie forestry census all holdings in excess of 2,5 ha productive
forest land. Tne classifications are not comparable betdeen apricultural
censuses (of 1949, 1959, 1969) or between forestry censuses (of 1947,
1957, 1967), nor between the agricultural and forestry censuses, for nore
than a few m: in classes of land.

19, lLowever, data on the level, of holdings ave.available within the
Central Fureau of Statistics and are particularly valuable because
linked to production data. Tne Census of 1979 was a combined census
of agriculture and forestry .ith all the advantages of such 2n
arrangement and much better classification categories for 1-nd use than
in the earlier censuses.

IIT1.2 cCensuses of population aad housing

20. Tre censuses of population and housing of 1950, 1969, 1970 and

the one planned for this year identify households and housing units

oy holding and adress, and classifies l.ousing units in a : ay tha* has
leen used as a basic reference for the classification of bullt-up land

in the land accounts classification. As is the case for the agricul-ur=al
end forestry censuses, data is available on the level of the municipzlity
and its subdivisions.

JIT.3 Censuces of establichments, tire Register of
Establisnments, and other irdustrial statistics

2l. Censuses of (tusiness) establicinments are held every ten years, znd
thic Central Register of Ectablishmants and Enterprises in the Tureau is
continuoucly updated. Tdentilicetion is iy way of code numrers internal
to the Tureau and by say of adr:ss, -hicl. in this case 1s linked to the
geccoded recisters discussed in paragrapn III.5
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22, 1Industriezl and commercial production statisticséj@ identified Ly
adninistrative regions and by way of ISIC (International Standard

Tndustrial GClassification of All Economic Activities) and commodity
classification.

I1J.4 Administrative data routines and registers

23, Ministries and agencles of the central government use a large

number of registers and data collection routines, some of which provide
land use data or land use related inforination. Classification of land
use categories are seldom according to any common standard, and this will
be one of the major challenges in the development of land budgeting.

2/, Most information systems with relevance to l1iand use identify units
by holding and/or adress, and thus by administrative regidn as well.

25, One of the particularly important registers with regard to land use
is the Register of Roads at the Foads Directorate (agency of the Ministry
of Transport and Communications). This identifies units of public roads by
ccordinates and place-names of end-points. For most categories of public
roads, the widtn of the road and thus its land surface are given or may be
estimated, and traffic counts ar:z easily linked to these road units.

II1.5 Geocoded data systems

26, Nori:ay has Jjust started iiplementation of a system of geocoded
registers of Ground property, Adresses, and Buildings, the so-called
GAB-system. This system of related registers identify its units by
holding and by coordinates in space. Hopes are attached to the future use
of tnese registers to provide data on land use changes, .and the land
accounts system is coordinated with the register systems on the points

of land use classification and updating of the registers.

II1.6 The Economic Map Survey and the Land Register

27. Maps at the scales of 1: 5000 and 1: 10 039 are riade for about

176 000 kn of a total land area of 320 000 km , and about 130 000 km
nave been mspped so far. These maps contain property limits as well as
a detailed division of the area mapped into land cover and land

capability classes, mainly from the point of view of agriculture and
forestry.

28. The Land Register, covering so far about fifty out of the more than
Tour hundred and fifty Norwegian municipalities, is based on these maps,
and gives data based on aigifizing of the map information for noldings =zs
well as ownership units. The Land Register may, tnrough its digitized data,
te used to identify individual fields (mapping units) in the coordinate
systcm on these maps.
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IT1.7 To;ogizphical and thematic waps

29, Tre wnole of Norway 1s covered by top graphical maps at the scale
of 1: 50 000 contiining rnuch valuzble infcrinztion and serving as a basis
for thematic maps (e.g. geology, vegetation) with very uneven coverage.
Tie maps zre of the Universal Transverse Mercator projection (UTH) and

! contain infcrmation on topograpuy, watercourses, roads, settlement, vood
cover a&nd bogs, among other subjects.
30, Some thcmatic maps are pased on the Ecoromic Map Survey maps, which
are of a different map projection, but this projection, too, is a
transversal Mercator projection. Tne UlM-coordinales and the so-called
\GO-coordinates may be transformed to each other by reesdily available

comp.ter programs.
IIT.8 The National Forast Survey

31. Some 70-80 per cent of the productive forest land in Norway and all
land telow the forest line in the counties surveyed is covered by the
National Forest Survey in the latest survey of 1964.1976. A large zmount
of infermation on land categories #nd forestry data is cocllected by
fleldwork on szmple sites identified on topographical maps and by
UIM-coordinates.

1V, Linkages in the land accounts system

32, Two kinds of linkages are important in the land accounts system.
Linkages in the sense of connecting data from different sources at the
level of the statistical individual have to be supplemented by linkages

in a wider sense, by linking diffeient systems at the aggregate &s well as
the individual level through the use of comparable classes.

IV.1 Linkages througn classification

33. The classification system in the land accounts provides for linkages
to tniee main categories of sources.

34. Firstly, the classification system is based on land cover categories

as a surrogate for the actual activities making up land use. These land

cover categeries take into account the classes of land identifiable from
remote sensing sources and air photos as well as the categories used in ithe
agricultural and forestry census(es) and those used in the Economic M-p
Survey. To widen the classification from tne sometimes narrow concentraticn
¢n tapability for agriculture and forestry, emphasis is also laid on
classification by vegetation iypes, meant to reflect the wider ecological
dimansions of land categories.
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35, Secondly, all built-up land is classified by pnysical characteristiics
as well as by the International Standard of Industrial Classification of
All Economic Activities (1SIC). Tnis is to provide for linkages to eccnomic
d=ta, and in particular for land budgeting purposes.

36, Tnirdly, land is classified according to climate, i.e. actually by
nelghtn above sea level, a major factor of climatic differentiation at the
county levzl. Perhaps even more important, legal restrictions on land
designaled to the exclusive use for eitner recreation or conservation
purposes are taken into account.

I¥.2 Linkage units

37. The land accounts «will be published at county level, with data on main
classes pablished at the level of the municipalities and urban areaz. The
analyses and estimates necessary in order to integrate data from different
sources will be based partly on linkages at the level of the holding. Most
sources identify holdings through the propsrty/holding number, and even if
tre helding is not z tetally setisfactory unit for all purposes, it is
possible to compare and link datz from different sources in a controlled
way far better thzn data on the level of ajman<trative regions could make

possibple.

38. The nost important linkage In the land accounts system, ho.vever, is
tre point sample systenms established [or this purpose.

39, Tuese systems consizt of nets of regularly (quddratically) spaced
sample peints .ith distances belween points varying from 100 m up to 12 km
depanding on the intensity and helerogenelty of land use in tne sampled
area.

40, Vithin urban areas, distance bstieen sanple points is 100, 200 or 207 m,
depending on the sirze of the urban area. Tnis is to minimize work load in
sampling and keep relative standard deviations at the same level for classes

of comparable relative importzance.

41, Within the remainder of the urban region (that is, in the commuting
zories), Gistance Letween points is 600 m, in order to provide for extensior
of the 100, 200 or 300 m net in case of expansion of tle urbhan ares.

L2, These nets of sample points are positioned and identified by NGO-
coordiriates, that is, in the coordinate system and the map projection used
as a tasis for the Economic iMap Survey. The nets of sample points have bzen
establiched for all urtan areas with more than 1000 inhabitants, and, as of
Jenuary, 1980, the registration from air photos of 1lsnd use in sample points
in 1955, 1965 and 1975 is completed for some 150 urban areas out of a total
of 250.

43. Tne remaining nets are constructed on the tasis of 1, 3, 6 and 12 xm
distances between sample points in the UTii-coordinate system, that 1s, with
the topographical maps as cartographical basis.
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44, To provide 1li:nd use data on a national basis, a net of some 7500 points
hzve so far been established, with nets of a finer mech for some 2-%H pilot
counties under preparation. These nets of sample points will te integ:rated
at the 1 end 3 km distances with the cample sites of the National Forest
Survey, coded according to the information availatle in the topcgraphical
maps at scale 1: 50 000, and the UTW-coordinztes are transformed to KGO-
coordinates and identified in the Ecoromic Map Survey for sample points
within the areas covered by tlrese maps. In addition, other land use data

and land use related information is linkec to sample points (such as geology,
vegetation, etc.) from thematic maps and air photos.

45, The advantages of linking land use information through sample points
are in cur experience consicderable. Compared to tne alternative one often
ras, of mapping all relevant land category units, identifying and measuring
ezch minimum mapping unit by planimwetrification or digitized data systems,
there are obvious gains in speed and economy. The decisive question is
<hether this sort of detailed correlations is needed in a cartograpnically
precice form or mainly for analytic and planning purposes.

L6, The sample point systems also make it possible to resolve sore of tne
cornceptual and practical difficulties of deciding which geographical level
one is -orxing with when collecting land use statistics. In particular,

urtan land use is often confused by not differentiating clearly bet..een

land u.e at the field level (each residential, comsercial or manufzcturing
unit) and at the area level (residential areas, which may contain schools,
shops, hospitals, and even small-scale manufacturing industries; comnercial
zreas, very often with mixed use at the field level; and manufacturing areac,
etc.). .

47. In our sample points in urban are:s, we classify points according to
pnysical structure (point level), and to land use at the field level and
at the area level. We are thus able to provide data on the proportion of
residential (and other) fields within the residential (znd other) areas,
ac well s building densities and 1cad densities etc. within classes of
fieldas and within areas.

7. L nkages betvwieen land use data and linkages to
population and production data: Some exzmples

7.1 Tne hgricultural Census and tihe Land Register

48, For tne municipalities which have established land registers on the
tasis of the Economic lizp Suivey, the amount of agricultural land in
compalable classes given by the land registers differs considerably (with

2 mean area scme 10-15 % higher) from the data given by the agriculturil
census and the annual sample census of agriculiure. Tuese discrepzncies
are serious, and the Central Fureau of Statistics 1s cooperating with tie
Institute for Land Fegistration to clear up the reasons for the large #nd
seeniingly unsystematic differences. This is done through the comparison

of data from the tio sources at ti.e level of the holding, using the
property/holding number, which is a means of identification in both sources.
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V.2 The lational Forest Survey and
the Economic Map Survey

L9. These two sources both give productivity classes for forestry
rroduction and land categories that theoretically should te comparatrle.
Nonetheless, a comparison between the t:o sources for one of the pilot
counties, @stfold, based on the sample sites of the NFS and some five
hundred sample points in the nationzl net mentioned earlier, resulted in
a concistently higher productivity evaluation for the dala from the EMS.
In the very near future, wz will compare these productivity eveluatiions
at the level of the sample points, as the five hundred sample points in
this county are a sub-sample of the aiout nine thousznd NFSE sainple sites
in the county, both systems ident fying sample points by UIM coordinates.

50. Linking these sources also makez it possible to give detailed data en
the permutations of productivity, age of the forest growtn, cubic nass,
vegetation type, trees etc. (all from the NFS) with data on land capability
for agriculture, ownership, tenancy etc. (from the EM3).

V.3 Land use zand production in urban areas

51. Through pnysical maps at the scales of 1: 1000 to 1: 5000 land use
units i-ith industrial or commercial establishments in the five largest

urban areas in @stfold are delimited and m2asured by digitization. These
land use units are then linked to the establishments in the Central Regisfer
of Establishments and Enterprises in the Bureau by way of adresses and maps.
Triough a rather labour--intensive procedure, this linking results in very
detailed and reliable data on the correlations between lanc use, productien,
and employment, and other correlations highly relevant to the analysis of
land use intensity and to land use planning and budgeting.

V.4 Topographical maps and housing censuses

52, "ne category of dispersed settlement is an important land use
class in lorway, some researchers speculating that it may consume twice
as much land as the urban areas. Tnere is, hvo.uever, no reliable data on
the amount of land used for cdispzrsed scttlenent. In connection witi. ihe
land accounts system, dispersed setilenent as sho.n on topographical msps
for the two pilot counties, £stfold and Sgr-Trgndelag, is teing counted
and registered within cells of 1x1 km in the UiM-.coordinate cystem.

53. In crcer to control the reliability of these data, however, a few szmple
municipalities are compared to the data given in tne Agricultural Census

and in the Fopulation and Hcusing Census, the linkzge be’ng tiie prcper:y/
nolding rumler, which for this purpose is an adequate unit.

54. Actuzlly, this procedure 1s z two step linkage. As the topograrphical
meps dc not contain any property/nclding limits or identification, it is
necessary to go first from tne topogrepiical map to the ecornomic map, and
tiien identify the property/hiolding number and look this up in the poruliiion
ané heusing file from the census.
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V.7 eccclded data (the GAD-system)

55, Data o1. land use, vuildings, and particularly on changes in land use
and conztruction of new buildings, fro. the registers earlier mentionad,
may be linked to each other (building register units to ground property
units) by the adress register, by properiy/nnlding number and iy coordinates
in space. These uniis may zlso be linked to the sources r2ntioned atove

by the szme linxagec.

56, Tuere is so fer not much practical experience with using the rezisters
for sucn purposes, as they are hardly implemented for more than a lew pilot
municipalities. Ho.ever, in so far as they consist of rationalirirg earlier
repisters and administrative routines (particularly regarding tre statistics
on bulid’ngs and construction), all signs point to the great value of tre
geocoded registers. Tne work with the land accounts system 1s closely
coordinated with the development and impleientation of the GAL-system.

VI, LinXages to other resource accounts
and to eanvironmental data

VI.1 The water resource accounts

57. Thie resource accounts for land and water make up the category of,
geo-zccounts, for which geographical space is a major dimension and location
an iaportant characteristic. The water resource accounts will be bssed on
a Watercourse Regirter, establisned by the Norwvegian Water FResources and
Electricity Eoard and implemented by the Unit for Eesource Accounting of
the Central Fureau of Statistics, as part of the work with the resource
accounts for energy. In order to provide data on the environmsntal
consequences of hydro-electric power construction, it became necessary to
identify watercourse units unambiguously. This was done througnh the
implenentation of the Watercourse Register, for which a proposed scheme nhad
already been put forward by the Water Resources and Electricity Eoard.

58. ne Vatercourse Fegister provides for linking the land accounts to the
energy accounts by vay of area flooded through hydro-electric power
construction. Tne sample points in the national net are linked to the
watercourse units and their characteristics through UTii-coordinates, which
is the chief identification of the units.

VI.2 The forest products eccounts

59. As forests cover some thirty per cent of the Norwegian land area, the
lirkage bst.;een the land accounts and the recource accounts for forest
products is an important one. The forest products accounts are lirked to
the land zccounts pzarticularly as far as stocks and reserves of wond are
concerned, tnrough the sample sites of tie lational Forest Survey.

60. A model for estimating cutting (reroval) and tran-port costs of forested
sample sites with different characteristics corcerning topograpny and
distance to roads is under prepzration, and, when implemented, will provice
data based on the Nitional Forest Survey on both wvood reserves and productive
“orest land area Ly ecvonomic cost categories.
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VI.3 Tune minerals accountis

61. An important land use category in many Norwegian counties is land
taken for the purposes of providing sand and gravel for building and road
conslsruction. Such areas, wl ere this purpose competes with other ‘land uses
such. as residential buildings, agriculture, forestry, water supply from
ground water, and recreation, are frequently the sites of complicated land
use conflicts. Integration of resource accounts for sand and gravel with
tre land accounts may help resolve some of these conflicts thicugh better
information on alternative sites and deposits within a region such as tlie
cousty. Resource accounts for tihese resource categories are under preparation
and will obviously lirnk to the land accounts through land use classes and
through geographical coordinates as well as the property/nolding numier.

62, Tre national net of sample points in the land accounts system ~i111 Dbe
used to infer mineral res~rves in Norway through the use of geological
classes and categories linked to the sample points and empirically-based
provabilities correlating geological structures and mineral reserves. The
sample point: are coded and these probabilities estimated by the Ceological
Survey of Norway (NGU).

VT.4 Land use and air quality in urban areas

63. In cooperation witi, the Norwegian Institute for Air Research (NILU),

tue Central Eureau of Statistics is working to establish a model for the
correlations between land use (based on tie cample points in the uiban
areas) and air quality, with the case of Oslo, the capital, as a pilot

study. With information or. wind and point-tased observations on air auality,
a simulation model will correlate air quality with characteristics of
different areas and land use categories in this clty.

T
JI.S Geo-accounts and enviconmental monitoring

64 Tne basic units of the land accounts system and the water resource
accounts, the sample points system and the watercourse register, will be

used as a geographical frame of reference to observe, monitor, and link

data on environmental quality in general, that is, for air, land and water.
As moct of the territory under Norviegian jurisdiction is ocean territory,

it has cven been suggected that the national net of sample points ke extended
to okcerve and monitor environmsntal data in these areas {from meteorological
data thrcugh sea-waler characteristics to the geology of the sea-lted).
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POINT SAMPLING IN NORWEGIAN LAND USE AND ENVIRONMENTAL STATISTICS
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Prepared by the Central Bureau of Statistics of Norway

I. INTRODUCTION

1. An important part of the Norwegian work with resource accounting is to establish
land accounts®*) The purpose of the land accounts is to present information about
actual land use, as well as planned land use and land capability (potential land use).
The land accounts will supply data in terms of land balances and statistics of annual
changes in land use. The accounting system itself defines the relationship between
different types of land information. It also specifies how new balances can b: produced
by employing different sources of land use statistics. This is a complicated matter
because of the various classifications and data collecting methods that exist today.
Agricultural censuses, for instance, differ considerably from forestry surveys and
censuses of population and housing in terms of classification methods adopted. *)

‘2. In order to establish a statistically sound and firm base for the land accounts,

we had to develop a separate system of data collection. The system consists of a
national grid, in which land use and other related information is classified or measured
at each point of intersection. Within those parts of the country composing an intensive
and complicated pattern of land use, the grid is closely spaced, whereas in other parts,
such as mountainous areas, the distance between the points is larger. This approach

is similar to a standard statistical stratification procedure, being applied in different
types of statistical surveys on population, employment, etc.

*) Prepared by P.A. Garndsjordet and H.V. Szb¢, Unit for Resource Accounting,
Central Bureau of Statistics of Norway.

**) An overall description is given in: 'A system of resource accounts. The
Norwegian experience', OECD, Paris 1980.

***)

For a more thourough discussion, see: 'The Provision for Linkages to various
Data Systems in the Development of Land Use Statistics in Norway', CES AC. 52/5,
Pape? prepared by the Central Bureau of Statistics, Norway, to the ECE/CES
meeting on land use statistics, in Geneva 17 =20 March 1980.
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3. Reduction of cost is one reason for adopting the method of point sampling. Another
important reason is that point sampling makes it possible to link various information
on land use, such as information on soil, vegetation, altitude and physical structure.
This is of special importance in order to present statistical tables and analyses.
Figure 1 below may illustrate how easy this is done by point sampling.

Figure 1. An example to demonstrate point sampling.
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Boundary for an agricultural field

-------- Boundary for a sand and gravel deposit
«eeees. Administrative boundary
I, I1 Different administrative units

Agricultural Road

* Point of observation, grid system.

4, By obtaining information about a sufficiently large number of sample points, we

will, for instance, be able to state the extent of agricultural land within an area,

as well as to say something about the physical structure of the land. Examples are:

Land being used for technical purposes (roads, fences, farm-yards a.s.o.) and land use that
will prevent other types of resource utilization, such as sand and gravel pits. In the
example above the amount of land in the first category within the administrative area
marked II, would be calculated as 2/6 = 1/3, while the amout of land that is used for
agricultural purposes and which could be used for sand and gravel pits can be calculated
to 1/6 in area II. Given many points it is obvious that point sampling is much faster
than measuring each small land use configuration.

5. The following tasks have been given priority in the continous work on land accounting
in Norway:

A. To produce a comprehensive land use statistics for urban areas (settlements).
B. To carry out a survey of total national land use.

C. To produce land account for pilot counties.

In order to achieve the two former aims, we have employed point sampling.
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6. The first part of this paper describes how the method is being used in practice,
in order to demonstrate the potentialities of the point sampling method. The second

part of the paper will discuss the sampling method from a statistical and an analytical
point of view.

ITI POINT SAMPLING IN URBAN AREAS

7. The land use patterns in urban areas are rather complicated. Various different
classification systems have been developed. The Norwegian system of land use classifi-

cation 1is falrly close to the new 'Draft international classification of land use',
suggested by the ECE in March 1980. The purpose of the system is to classify 'homo-
genous' areas down to a minimum of approximately 0.1 hectar.

8. Physical planning is not consentrated at one single geographical level. Planners
often deal with rather detailed information, such as, for example, building densities,
as well as the actual physical structure (roads, parking lots etc.). At the regional

level, planners will use information of the character of an area, neighbouring fields,

etc. Examples of such data on different geographical levels will be discussed later
on.

9. The Sarpsborg/Fredrikstad settlement is situated in @stfold county in the south-
eastern part of Norway. In 1970 the settlement counted approximately 80 000 inhabi-
tants. Figure 2 shows the Sarpsborg/Fredrikstad conurbation. The settlement is covered
by a grid 100 m spacing, which gives 6 898 sample points.

10. In order to demonstrate the classification procedure two small areas are used as
examples. The location of those areas is shown in figure 3.

11. Figure 4 is an air photograph of one of these areas (in Sarpsborg), around a
factory which con51sts of various elements: buildings, roads, railroad tracks,
storage area, and as a matter of fact, “agricultural land being situated in between the

roads to the factory. This land is under cultivation, illustrating how complicated the
land use pattern is in practice.

12. Figure 6 shows an area in Fredrikstad covering:

= the elder town with an old fort
- post-war residential areas south of the elder town
- post-war industrial areas " "en " "

Important matters are how the different elements within the area ought to be
classified, as for the walls of the elder town, the moat surrounding it, or the wood
situated close to the industrial sites. The example illustrates parts of the reason
why ordinary land use statistics lacks rather detailed information. It would be a
tremendous job to delimit all the small parcels (with homogenous land use), and to

measure them either manually or to digitize them on maps. Such problems are solved by
adopting point sampling methods.
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Figure 2. The location of the Sarpsborg/Fredrikstad
settlement. Scale 1 : 1000 000.

m Urban settlements.

5 g S 1
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Tigure 3. Location of small areas used as examples in this
paper. Scale 1: 250 000.

et Boundary for the urban settlement.
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13. The corresponding maps (figures 5 and 7) show how the grid is placed. One will see
the actual points in which land use and other interesting characteristics are classified.
(A brief description of the classification system is presented in appendix 1). The
classification is carried out on air photographs in the same scale as the maps.

However, air photos will have slightly different scales in different parts of the
picture. This is accounted for by placing a transparent map foil on the air photo,
adjusting manually in order to match the map and the photo. The interpretators use
illuminated tables to ease the work. In the classification process, information from
maps and other sources is used as a supplement.

14, As an example, we will try to go trough the classification at four points, two on
each of the figures 5 and 7. In figure 5 we classify:
Point 1A: 03 021 03

Classification level 1 (area level):
Manufacturing and warehousing area (code 03).

Classification level 2 (field level):
Manufacturing and/or warehousing field (code 021).

Classification level 3 (physical structure and surface):

Land with improved surface and open space for other economic activities than
agriculture (code 03).

Point 1B: 07 081 07

Classification level 1:
Agricultural area (code 07)

Classification level 2:
Agricultural field (code 081)

Classification level 3:

Cultivated land (code 07)

In ngure 7 we c1a331fy the two example p01nts as:
Point 2A: 06 051 09

Classification level 1:
Area of institutions and improved open space (code 06)

Classified level 2:
Public park (code 051)

Classification level 3:
Other land with soil cover (code 09).

Point 2B: 01 066 04

Classification level 1: e - e
Residential area with malnly one= and two-storey bulldlngs (code Ol)

Classification level 2:
Local road (code 066)

Classification level 3:
Elongated land, improved or stabilized (line-shaped) .(code 04).
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Figure 4. Air photo of the study area in Sarpsborg. Scale 1: 10 000.
1A and 1B are sample points used as examples.

-

Figure 5. Map of the study are in Sarpsborg. Scale 1:10 000.
1A and 1B are sample points used as examples.
A1

e
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15. A brief review on the low altitude photographs will show that the classification
seems correct. In some places, however, as for instance in the central parts of the
urban areas, the classification must be verified by direct observation. The confir-
mation is carried out by the local municipalities on request from the Central Bureau
of Statistics. (Applies to approximately 20 larger urban areas.) The municipalities
of these areas have the manpower to carry out this work, as well as being interested
in obtaining relevant land use statistics for the urban areas in question.

16. 1In all, approximately 250 urban areas will be classified for the years 1955, 1965
and 1975 (or years as close as possible if air photos for the years in question do not
exist). The classification at all three points of time have been carried out simul-
taneously in the same points. This reduces classification errors and gives reliable
information on changes in land use. (See paragraph IV.)

17. The data will make possible to analyze the changes in land use in Norwegian urban
areas on a detailed level, for instance by grouping according to size, physical pro-
perties, geographical location etc. This will enable us to develop a pattern of causes
and effects in order to explain land use development.

18. We wish to present land use statistics for individual urban areas. For the smaller
urban areas, however, it will be possible to present statistically reliable information
only for the largest land use classes. For conurbations as Sarpsborg/Fredrikstad

(6 898 points), it is possible to present rather detailed information. We shall present
some main results. Table 1 shows the land use in 1955, 1963 and 1975 in Sarpsborg/
Fredrikstad (within the 1975 borderlines).

19. Maps will be produged to present supplementary information on large urban areas.
The maps are not accurate, as they are produced using point sampling data. They will,
nevertheless, give an impression of land use patterns. An example of such a map is
shown in the next paragraph (figure 8).

20. The table shows that the growth of built up land in the region has declined, which
is the result of a stagnation in the manufacturing industries and in population growth.
It is, however, interesting to notice that the main cause to the decrease is the reduced
growth of residential land, whereas the other categories of built-up land seem to have
almost identical growth within the two periods.

Table 1. Land use in Sarpsborg/Fredrikstad. 1955, 1963 and 1975.

Land use Annual Land use Annual Land use
1955 growth 1963 growth 1975
1955-1963 , 1963-75

ha per cent ha per cent ha

Land within the settlement boundary
in 1975 tiiiiiiiieeerenennnceneee. 6 898 6 898 6 898
Built-up land (011-073) ........ eeo 2159 3.0 2 732 2.2 3 564
Residential (011-013) .......... 1 156 3.7 1 546 2.3 2 028
Manufacturing (031-032) ........ 396 1.8 457 1.9 571
Services and city-center (021-022) 74 2.2 88 2.3 115
Institutions (041-053) .......n. 217 2.9 272 2.0 345

Technical and

communications (061-073) ..... 316 2.0 369 2.0 505
Agricultural land (081) ........... 1 969 ' 1713 1 314
Forest land (091) ...ceeeeveeeeeess 1 138 984 712
Other non-built-up land (101) ..... 1 116 967 824

Water (111) ...evevvvnvocnnsncnccns 516 502 484
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21.

to examine the changes in land use.
up categories of land use into various built-up categories for two time-periods.

27

In order to understand and to explain such reduction in growth, it is necessary

Table 2 shows changes in land use from non-built-

Such

tables can be regarded as parts of more detailed 'input-output' tables of land use

changes.

Table 2.

Urban development (changes from non-built-up to built-up land use classes at

the field level) 1955 to 1963 and 1963 to 1975 in Sarpsborg/Fredrikstad. ha

Total Resi- Manufac- Services Institu- Technical
To (1963) dential  turing and tions and
From (1955) etc. city- communi-
center cations
Total .evievnenceennnnnas 594 -~ ~.403 72 13 52 L4
Agricultural land ..... 176 105 25 6 25 15
Forest land .......... . 156 138 3 - 7 8
Other non-built-up land 262 160 44 7 30 21
i Total Resi- Manyfac— Services Institu—- Technical
To (1975) dential turing and tions and
From (1963) etc. city- communi-
center cations
TOtal .ivevveecvconcanoans 872 523 147 16 76 110
Agricultural land ..... 302 125 75 10 33 59
Forest land .....cc000. 278 241 5 - 11 21
Other non-built-up land 292 157 67 6 32 30

22.

cultural land has had little success in this region.
development has been forced to take place on forest land as opposed to agricultural

land.

The table illustrates the fact that Norwegian land use policy of conserving agri-

some extent residential

Other built-up categories, however, have the same 'consumption pattern' in the

last period as in the first one, taking mainly agricultural land and other non-built-

up land.

23.

land being used for built-up purposes.

Land use policy in Norway during the 1970's has been forcused upon agricultural
Therefore it seems rather strange that the

reduction in agricultural land within the boundaries of the settlements has been larger

during the last period compared to the first.

24,

The registration of land use in urban areas from air photoes for the three years

1955, 1965 and 1975 is done for three separate levels, the area level (residential

areas, industrial areas, business and commercial areas etc.), field (or parcel) level,
and a lowest level within fiealds, which we have called physical structure.
point is thus classified according to the physical surface or structure, to the field,

and to the area class surrounding the sample point.

in appendix 1.

sions and geographical levels of land use.

Each sample

The classification system is given
This procedure makes it possible to combine data on different dimen-
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25. Land use statistics based upon point sampling makes it possible to calculate,
for instance, physical structure within residential land use. Table 3 below shows
building densities and land stabilized for traffic purposes etc.

26. Table 3 shows that building densities as well as 'traffic' desities have increased
1-27 within the residential fields during the last two periods. The increase in
'traffic space' is of special interest to the environmental authorities. To some extent
we can explain this by comparing the figures with the trends within residential areas.
Table 4 below shows the development of land use for communication purposes within
residential areas.

Table 3. Buildings and artificial stabilized ground at the
point level as percentages of residential land at
the field level. Sarpsborg/Fredrikstad.

Artificially
Buildings stabilized
ground
1955 ..ievvenn Cheeserenanns 8.7 8.3
1963 .ievennnn Ceeteeeesees 9.0 =« 8.6
1975 . Ceeeesenanas . 10.0 10.3

27. Table 4 shows no specific trend as regards communications. The conclusion is
simple: The residential areas have the same need for traffic lines, that is traffic
to and from the regions as before, but within each parcel which is classified as
residential land, more space is used as parking ground and smaller roads! Data from
other Norwegian urban areas also indicate that this conclusion is a correct ome.

Table 4. Land for communication purposes at the field level
as a percentage of residential land at the area level.
Sarpsborg/Fredrikstad.,

1955 t.iiiiiieennn oo 11.0
1963 ..... cereeseese. 10.7
1975 ..... crsesces ... 11.0

28. 1t is difficult to estimate the production costs of this type of land use statis-
tics, including:

- interpretation

- supervision and control

- acquisition of maps

- reproduction of air photos
- presentation of results
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Some of the work has been done free of charge by the Geographical Survey and the muni-
cipalities. The total costs seem, however, to be about 1 mill. norwegian kroner, or .
approximately 5 kroner or 1 US$ per point. For this rather low cost, we can produce
‘land use statistics of high quality covering approximately 1 200 km? (460 sq.miles) of
built-up land with a population of 2.4 mill. people. .
29. The classification will be completed this autumn, and the first results will be
_____ analyses will be available at the same time.

30. In our view, production of this sort of land use statistics should be repeated
every 5 or 10 years. One solution may be to produce some statistics for the largest
urban areas every 5 years, whereas statistics for the smaller areas could be revised
every 10 years.

31l. The accuracy of such statistics seems to correspond to that of ordinary statistics
concerning population, occupation and employment. With reasonably skilled assistants
and a fair degree of supervision, the classification error will be approximately 10

per cent. The sampling error, which comes in addition, is treated in paragraph IV. 1In
medium sized urban areas, the classification error and the sampling error will be of
the same order of magnitude.

ITI NATIONAL LAND USE STATISTICS

32. 1In order to provide national land use statistics within a very short period of time,
1} year, the point sampling method has been employed to collect numerous data describing
land ‘use, geology, vegetation, terrain, landscape and geographical location. The data
collected at each point are described in appendix 2. The sampling procedure is based on
a national grid, consisting of approximately 7 000 points. We work with two grid
systems. Above the forest line*), the mountainous area, the distance between sample
points is 12 km. Below the forest line the grid spacing is 6 x 6 km.

33. Sources of information are maps in different scales and coverage, and to some extent
air photographs. Various institutions working with vegetation mapping, geological
mapping etc. have cooperated in terms of producing data for various areas for which maps
have not yet been produced. Thus we will have a complete set of data for almost all
sample points, for which ordinary mapping would have been too expensive.

\
34. For one county, @stfold, situated in the south-eastern part of Norway, some results
are available. This is a pilot county, and the grid is 3x 3 km in this case (there are
no mountain areas in the county), which gives 464 points. Different tables can be pro-

duced with data derived from this base. Table 5 shows the main land use classes in
@stfold in 1975.

35. As mentioned in connection with the data on the urban settlement, maps can be uses
to illustrate the data and give som idea of the land use pattern (figure 8).

* . . . . . P
) In practice this is chosen as an area for which the agricultural authorities have
not found it necessary to produce detailed maps (Economic maps in scale 1:5 000).
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Table 5. Land use in ¢stfold 1975.

Number of K Per cent
polints N

Built—up land ....everveeececnncnons 16 144
Agricultural land .....covvvvvnnnnne 96 864
FOTESE vveweeosooanenonsoasasoasnsss 297 2 673
Bogs, wetland ......cceceveencncecns 5 45
Open productive land ............... 8 72
Barren land .....civieveannssenceaans 6 54
Fresh Water .....ceeecescoscscncascns 36 324

T O£ @1l teeeeeeensosnsnsssannnnsns 464 4 176

o N
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Figure 8. Land use pattern in @stfold 1975 .
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36. An interesting point is that he registrations will enable us to estimate the extent
of wilderness being left in the different parts of Norway. Up to now, it has been
difficult to produce an exact and operational definition of wildernmess. From a philo-
sophical point of view, we would like to define wilderness as free nature, which means
that the rythms should be exclusively governed by nature itself. The crucical question
is the extent of impacts in terms of distances to roads, railroads, dams, power-lines,
or settlements will have upon the natural cycles. We think it is almost impossible to
give a general definition for different landscapes, vegetation, altitudes etc. for the
whole country. By employing point sampling, we can solve this problem: Instead of
applying only one definition based upon a set of distance measures, we can collect data
on the distances from each sample point to different types of man-made installatioms.

The figure below shows how distance to roads vary within the county for different cate-
gories of land use.

Figure 9. Distance to roads for different categories of land use
in @stfold 1965
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37. The two maps below show the extent of wildermess in @stfold county given two
possible definitions:

A. That the area is situated more than 500 m away from roads, railways, power-—
lines and regulated lakes or rivers.

B. That the area is situated more than 1 km away from roads, railways, power-
lines and regulated lakes or rivers.

This illustrates how a number of various definitions can be made operational by using
data from the point sampling.

Figure 10. Two possible definitions of wilderness in @stfold 1965.

A B
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IV THE PRECISION OF POINT SAMPLING

38. Point sampling may be described in the light of the mathematical theory of sampling.
In fact, point sampling on maps and air photos is analogous to sampling people or house-
holds in surveys presenting information on social and economical conditions. However,
one issue turns out to be important concerning sampling in space, namely the correlation
between adjacent points. This kind of correlation is important for the precision of

the sampling techniques to be used. It implies that the presision of systematic samp-—
ling usually is better than in a random sampling procedure. Unfortunately, it is
difficult to take the correlation into account in a simple and exact way when making and
comparing sampling designs.

39. 1In this paper we will first refer to some results about the precision of point
sampling , which may be deduced mathematically without considering correlations in
space. These remarks concern random sampling procedures (simple random sampling and
stratified random sampling). As regards simple random sampling, we have as well given
some formulas expressing the uncertainity in estimations of changes.

40. The correlations in space will be taken into account in the next place, and we
shall see how they affect the uncertainity in estimation. In addition, estimates of
these correlations may be used in analyzing geographical structure. Examples of this
will be examined in the next paragraph. :

41, Let us assume that we want to estimate the share of the total area A that belongs
to a certain land use class (for instance agricultural fields). Let n represent the
total number of points in the sample. The points are numbered j=1,2, ...,n as they
are sampled. We deﬁﬁne a random variable Xj which follows a binomial distribuﬁioq:

1 if point j belongs to the class we want to estimate,

Xj = {0 otherwise.
42, In simple random sampling EX. = p and var X. = p(l-p). An unbiased estimator for
p is given by J J
~_1
= = IX.. 1
P=3 (1)

The variance of this estimator is

var ; = ES%ZBL . (2)

This gives a standard deviation

s = /2U-p)" (3)

n
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Variance and standard deviation usually have to be estimated, the values for p are then
replaced with p and those for n with (n-1) in (2) and (3).

43, We may now estimate a confidence interval for p, that is an interval including the
correct calue with a certain probability. If np(l-p) > 10, p is approximately normally
distributed, and an approximate 95 per cent confidence interval is given by

[;—2§, ; + 2;], (4)

where s is the estimate for s. Table 6 shows the confidence interval for different
values of p and sample size n = 100, 1 000 and 10 000.

Table 6. 95 per cent confidence interval of area shares in simple random point
sampling. Per cent

Estimated class Confidence interval at n points

n=100 n=1 000 n=10 000

50 ciiiiiiiiiiieen, ceveann 40-60 46.9-53.1 49.0-51.0
1 seevennns 12-28 17.5-22.5 19.2-20.8
10 tiiiiiiiiinennen, cecenen 4-16 8.1-11.9 9.4-10.6,
5 v ceeses cieeseeas 1.6-10.8 3.6- 6.4 4.,5- 5.5

A cessescnan 0.6-8.3 1.9- 4.1 2.6- 3.4

2 i et iie et 0.2-6.9 1.1- 2.9 1.7- 2.3

Lo, cevesues crese 0-5.4 0.4- 1.6 0.8- 1.2

0. . creeens ceesaons 0-3.6 0- 0.4 0- 0.1

44, 1In practice, the points are placed in a systematic, regular grid. 1In this case
the confidence intervals in the table usually provide upper limits for the real confi-
dence intervals, and the variance formula (2) and the table must be used for this pur-
pose. The reason for this is the correlation between adjacent points in space (and on
the map). Since land use classes have a certain size, sampling of two adjacent points
would be of little value, each of them hardly representing new information compared to
the other. Sampling of adjacent points is as far as possible avoided by systematic
sampling in a regular grid.

45. There is, however, a more efficient random procedure, too, namely random stratified
sampling. Let us assume A divided into r known strata A,,Ap, ..., A_. In each stratum,
s, we estimate the share of the actual class p_ with the help of ng points. The esti-
mator for Pgs Pg» is the share of points of thé class in question in stratum s. We

have

1
P==ZIpA. : (5)
Ag
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An unbiased estimator for p is

PA,- (6)

il L

p* =11
S

It may be shown that

p_(1-p.)
1 ZA2 s s

var p¥* = — . (7))
A2 s S s
46. Assume n is selected proportionally to the area As’
As
ns = T N. ) (8)

It may be shown that proportionally stratified random sampling is consequently more
efficient than simple random sampling. We have such a kind of stratification if we,

for instance, divide A into equal squares and sample one random point within each square
(stratum). In this case the variance is

1 : '
var p* == Zps(l-ps). ' 9)
n" s

This expression may be used to give an approximation for variance in systematic sampling
with a square grid of points. Unfortunately, this formula may not be estimated without
knowledge of the structure of area which goes beyond the data from the point sampling
(ps is unknowm).

47. We will note that the variance (7) is minimized if

n A /p_(1-p )
=855 s (10)
T T )

S

To obtain the best estimator of a certain class, we consequently have to increase the
number of sampling points in strata where

i) the area AS is large,

ii) ps(l-ps) is large.
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48. Suppose now we have the estimates P1 and Py for the same area class, but measured
at two different points of time. The estimates of the change A then is:

A = p2 - pl’

var A = var p, + var p; - 2 cov (pl, pz). (11)

If the points are sampled independently of each other at the two points of time, the
covariance disappears, and the variance of the change is the sum of the variance of the
shares. If we use the same points, we will usually have a positive covariance, and the
variance of the change estimate is reduced.

49, 1If the points are sampled randomly once and for all, it may be shown that

~  P,(1-p,) p, (1-p,;)
var A = 2 2 + 1 1

2
iy (q-plpz), (12)

n n

where q is the share of the area belonging to the class at both times of measurement.
If the points are placed in a systematic, regular grid, the formula usually provides
an upper limit for the real variance.

50. If the changes are small (q>p1p2), the variamce of the change-is reduced when
using a fixed net. If q >> p,] : ‘s 2
8 q P;P, and in addition, P, >> P) and P, >> Py, we have

N 1
var 4 = = (p;+p,=29). (13)

51. Land use class changes are often one-way changes, thus making q = min. {pl,pz}.

An example is usually the class of built-up land. This class is increasing at the
expence of most other land use classes, and virtually no built-up land is transferred
to other classes. In such a case q = P and we of course have

var A = ———— (14)

52. In the example from Sarpsborg/Fredrikstad, the built-up land in 1963 was estimated
to 39.6 per cent, and in 1975 to 51.6 per cent. The change was 12 per cent. The
formula gives a standard deviation for this change of 0.4 per cent and the confidence
interval is 11.2 - 12.8 per cent.

53. Table 7-8 shows the standard deviation s(A) = YvarA in estimating different changes.
Number of points n = 500. The formula (11) is symetrical in p, and Py> and we choose

P, > P, in the tables. The standard deviations are calculated for a fixed point net and
comparéd to the standard deviations we would have found if the points had been sampled
independently of each other at the two points of time. The standard deviation for other
values of n can be calculated by employing s(3i) ~ 1//n.
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Table 7. Standard deviation of estimated changes with n = 500, Py = 10
per cent. Per cent

Standard
deviation
Standard deviation with fixed point net with in-
dependently
Py = 10 q =10 9 5 0 sagpled
point nets
Py = 10 0 0.6 1.4 2.0 1.9
11 0.4 0.8 1.5 2.0 1.9
15 1.0 1.2 1.7 2.2 2.1
20 1.3 1.5 1.9 2.4 2.2
50 2.2 2.3 2.6 3.0 2.6

Table 8. Standard deviation for estimated changes with n = 500, Py = 50 per cent.

Per cent
Standard
v deviation
Standard deviation with fixed point net with in-
dependently
Py < 50 q=50 49 45 40 20 0 sampled
point nets
Py = 50 0 0.6 1.4 2.0 3.5 4.5 3.2
51 0.4 0.8 1.5 2.0 3.5 3.2
55 1.0 1.2 1.7 2.2 3.6 . 3.2
60 1.3 1.5 1.9 2.4 3.7 3.1
80 2.0 2.1 2.5 2.9 . 2.9
100 2.2 . . . . 2.2

54. 1In systematic sampling the relative positions of the points are given. Since the
random procedure were discussed on the basis of randomness only in the selection of
points, we now have to use another  model. The correlation between points in space must
be taken into account.

*
55. Let Z(x) be a random variable with values depending on the position x in space ).
Z may for instance denote temperature or height above sea level. In the case of consi-
dering land use shares, we may define Z in the plane:

Z(x) = {l if the point x belongs to the class,
0 otherwise.

*¥) Such a variable is called a regionalized variable. The theory of regionalized
variables is mathematically formalized by Matheron: 'The Theory of Regionalized
Variables and its Applications'. Ecole Nationale Superieure des Mines de Paris
(1971).
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The share p to be estimated is

p = = [Z(x)dx (15)
A

|-

and the estimator to be used is

5 = % §Z(XJ)' (16)

Z(xj) denote the value of the variable in point number j.

56. Let us consider the variable Z in points x and x + h (x and h denote vectors in
two dimensions).
Since Z(x) is defined as a binomial variable, we have

EZ(x) = Pr(Z(x)=1), and the covariance
cov(Z(x), Z(x+h)) = E(Z(x)Z(x+h)) - EZ(x)EZ(x+h)

= Pr(Z(x)=1NZ(x+h)=1) = Pr(Z(x)=1)Pr(Z(x+h)=1). a7
Here Pr(Z(x)=1NZ(x+h)=1)is the probability for both x and x+h to be in the class.

57. This probability may be expressed by the conditional probability for x+h to be in
the class, given that x is in the class:

Pr(Z(x)=1NZ (x+h)=1) = Pr(Z(x+h)=1|2(x)=1) Pr(Z(x)=1). (18)

58. We now assume:

1) Pr(Z(x)=1l) is constant for all x e A.

2) The covariance between Z(x) and Z(x+h) and the conditional probability
Pr(Z(x+h)=l{Z(x)=l) does only depend on the relative position h of the two
points (or the distance |h[ in the case we are considering as isotropic
phenomena).

PN

These assumptions enable us to estimate the probabilities mentioned. In fact, p is
an unbiased estimator for the share p and Pr(Z(x)=1).*)

59. Both the covariance and conditional probability are measuring the .correlations in
space. Covariance is the most convenient parameter considering sampling variances.

As we shall see in the next paragraph, the conditional probability is adequate in
analyzing geographical structure. The combining of (17), (18) and the assumptions
gives the covariance

*) In this model p itself is a random variable, but we have Ep = Ep = Pr(Z(x)=1).
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K(h) = cov(Z(x), Z(x+h))
= Pr(z(x)=1) [Pr(z(x+h)=12(x)=1) - Pr(z(x)=1)1. (19)

If we assume K(h) = K{h]) (isotropic), the distance lhl where the conditional proba-
bility equals the unconditional probability Pr(Z(x)=1) is called the range of the
actual land use class. At this distance the covariance above is zero. Beyond this
distance, one point does usually not give information about other points.

60. In the case of sampling in a regﬁlar grid it can be shown that the variance of
the sampling error approximately is given by *

var(p - p) ~-—£l—31 +-— I RGxmx) - %-IK(xi—x)dx. (20)
j#i A .

(1-p)

This formula indicates that the variance will be smaller than E_E__— if the term

1 . . . . .
= I K(x.—xj) denoting 'mean covariance' between the points in the sample, is smaller

j#i
than the '"mean covarignce"% {K(xi—x)dx between all points in the area A.
A

61. 1In a square grld the points are placed as far from each other as pos51b1e, and

the variance is usually less than 2(-p) . The exception from the rule appears when

the grid coincidies with a regular stPucture on the ground. If the range e where the
covariance is greater than zero is less than the minimum distance between the points

and the covariance is zero elsewhere, the second term in (20) vanishes, and the variance

will always be less than p(I; ):
- 1- 1
var (p-p) =~ P(n ) -3 fK(xi-x)dx, ixi-xl'f_e. (2D)

*) e have assumed that there are no 'border effects', that is fK(xi—x)dx
is independent of X . A
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62. The last term in the formula is proportional to the volume below the covariance
function, as shown in figure 11.

Figure 11. The covariance cone about a random point X

EL

63, Unfortunately, the integral in (20) cannot be estimated by the point observationms
alone. To estimate the variance in systematic point sampling, we have to use a model
in addition to point observations. So far we only have few experiences in modelling
curves expressing correlations in space for land use classes in Norway. However,
simple experiments indicate that the variance reduction in systematic grid sampling
compared to simple random sampling may be considerable (more than 50 per cent).

V. /[HALYZ MG GROGRAPHICAL STRUCTURE

64. The conditional probability of finding a specified land use class in a distance

h from a random point in some specified class, is a convenient measure for the correla-
tion between the classes. So far, we have only considered the conditional probability
of finding a class starting in the same class. In this paragraph we will examine some
examples where we have estimated conditional probabilities of finding different classes
starting in one specified class. Here we will assume that the conditional probabilities
only depend on the distance between the points. For h = 0 the probability of finding
the same class is one, the probability of finding any other class is zero. As h in-
creases, the probability of finding the same class will decrease until the range is
reached, where this probability equals the overall share p for the actual land use class.

66. In figure 12 we have estimated the conditional probability of finding different land
use classes as a function of distance from built-up land in @stfold. The range of built-
up land is more than 600 m. We may note, however, that at 300 m it is almost as probable
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At this distance
At distances longer than 600 m from built-up land

is considerably

it

This shows that in @stfold built-up land is
The large forests in the county are located further

d forest.

in

bable to £
surrounded by agricultural land.

away from built-up land.

to find agricultural land as finding built-up land.

less probable to find forest land.

it is most pro

Figure 13 shows the conditional probability of finding the different land use
classes as a function of distance from residential land in the Sarpsborg/Fredrikstad

66.

latively probable

Other land use

is re

It

The range of residential land is about 500 m.
to find land used for communications nearby the residential land.

classes are situated further away.

urban area.

land use classes as a function

.

o
—
o
o0 Y
[<JES]
o~ W
U
o
o~ =
Y4 o
Y4 d
o g
)
By
iS)
.lp
— 3
o~ |
e
o —
0 oA
o J
.0
[
B
~ O
g N
[=J=
o
.le
SN}
o~ o
T o
[=R]
o n
QA
o
[0}
LU
H O
o~
—
0]
~
=)
o0
o
=

ility

Probab

Other land

Q
0.0
X

RIS

XXX

Q82
Q 00“00

Q
XX

&
o %0%0%,
SRS

Agricultural land

SRR

QR
QR

.0.0.9.9.0.9.9.9.9.

Distance in m

600

300




10n

cations.".

=

ni

mmu

Land used for co

land use classes as a funct

Sarpsborg/Fredrikstad.

ing
in

.

Other land:

f find

42

1ty o

The conditional probabil
of distance from residential land
Probability

ENV/SEM.14/R.4
Figure 13.

CES/SEM.12/R.4
page 24

Other bu

NN

g
O
R
RIQILRIEILRLRKA v
200020002020 20202620 %%%
120020 2020202020 %0 %0 %% % I
RRLRLKLRLIRKKKY &
KORREEKKKKSY &
020202020 20202020 20 % %02
FORRS he
RIS
elelede ”
KRS
Peetede o
SRS
$20%000% a
KRS
1SR
RS
20202022
P3RS
RS
< 3
— S
— —
©
o
3J
c
3]
o
o
1))
]
(]
S
[Ta)
(@)
S
—




43
CES/SEM.12/R.

ENV/SEM.14/R. APPENDIX 1
page 25
LAND USE CLASSIFICATION SYSTEM FOR URBAN SETTLEMENTS
Classification level 1: area level
Code Area class
01 Residential area with mainly one and two storey-buildings
02 Residential area with mainly multi-storey buildings
03 Manufacturing and warehousing area
04 Central business district and other business areas
05 Communications and other infrastructure areas
06 Area of institutions and improved open space
07 Agricultural area
08 Forest area
09 Area not used for any of the above specified purposes
10 Fresh water area
Classification level 2: field (or parcel) level
Code- Field class
011 Non-built-up parts of residential field with one or two-storey building
012 Built-up parts of residential field with one or two-storey building
013 Residential field with multi-storey building '
021 Manufacturing and/or warehousing field
022 Mining and quarrying field
031 Central business district or other business field ’
032 Mixed residential/business field
041 Institutional field
051 Public park
052 Churchyard
053 Sports facilities field
061 Railway, tramway lines
062 Railway terminal and station field
063 Airports
064 Ports and harbours
065 Throughfare road (Major road)
066 Local road
067 Transport terminals other than above
068 Parking fields
071 Waste disposal and treatment
072 Sewage treatment, discharge, and water supply facilities
073 Energy supply facilities
081 Agricultural field
091 Forest field
101 Not elsewhere specified

111 Fresh water field
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Classification level 3: physical structure and surface
Code Physcial structure class
01 Building
02 Physical and technical constructions other than buildings
03 Land with improved surface and open space for other economic activities
than agriculture
04 Elongated land, improved or stabilized (line-shaped)
05 Other improved or stabilized (field-shaped)
06 Gardens and lawns, cultivable parts of park land
07 Cultivated land
08 Steeply sloping land with soil cover
09 Other land with soil cover
10 Steeply sloping land without soil cover
11 Other land without soil cover
12 Sea water
13 Fresh water lake
14 River, 5 m wide or more

15 River, less than 5 m wide
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DATA COLLECTED IN THE SAMPLE POINTS IN THE NATIONAL LAND USE>STATISTICS

- geograpichal coordinates

- local authority, county

- altitude

- steepness of slope

- aspect

- terrain

- land surface (at the point level)

- distance to the nearest road

- distance to the nearest railroad

-~ distance to the nearest power-line

- distance to the nearest regulated lake or river

- land use at the field level

- Tand use in points 300 m north, south, west and east
to the registration point

- mainland, island, coast (200 m limit)

- landscape (registered in a circle with radius = 300 m)

- quaternary geology

- geology

- vegetation

- ownership

- protection/conservation
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