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Abstract. The spatial redistribution of the land uses canrbeasured by remote sensing conventional
methods in the form of the matrices of the land wedistributions within a given set of regionsaigiven
time period.

Two new methods of analysis of such land usestnidiSon matrices are proposed. These methods are
the applications of the methodology developed ishPRull migration analysis (Sonis, 1980) and Key
Sector Input-output analysis of economic flows {§ehal, 2000) to the land uses transition analy3ihe
first method represent the geometric and analytiadgorithm of decomposition of the land use
redistribution matrix into the convex combinatiofh the land use matrices which represents the main
tendencies of land use redistributions in a giveh &f regions in a given time period. Thus, each
empirically given land use redistribution can beegented as a superposition of the land uses
redistributions connected with the optimal solusormf some extreme land use redistributions
corresponding to the parsimonious behavior of lasdrs in a given set of regions in a given tim@ople

The second method represents the constructioneoéttificial land use landscape corresponding te th
minimum information land use redistribution withxdd initial and final land use distributions. The
comparison of the empirical land uses landscapé e artificial one represents the spatial spesifof

an actual land use redistributions connected wiiffecent parsimonious behavior of the land users
themselves.

As an empirical validation of these new methods sieof 9 different regions in the vicinity of Haif
Carmel area is chosen for different time intervatal the main tendencies of land use redistributieres
identified together with their minimum informatiartificial landscapes.

The new methodology and modeling approach willshgsture planning in the rural-urban fringe. Optin
solutions for nature conservation and urban develept conflicts can be learned through the applarati

of these models.

Key Words: Transition Land use matrix, Superposition Pringipgdetificial Land Use
Landscapes; Entropy Limitator of homogeneity ofllaise Distribution.



1. Introduction.

Over the last fifty years Mediterranean landscapase undergone major changes,
mainly because of population growth, economic aocias changes .The existence of
natural, agricultural, and historical landscapeav@h and Kutiel, 1990; Prevolototzki
al., 1992; Grossmaat al, 1993) is severely endangered due to these mesed-urther
complication results from a combination of factotstael being the focal point of
intensive democratic and political changes during last one hundred years, and its
location in the transition zone between the arid Biediterranean climates.

The Carmel area (including Haifa’'s periphery) reprds a system of varied
Mediterranean landscapes, differentiated by saildd@mns and vegetation, and by the
anthropogenic activities that have taken place ¢lverlast hundred years. Accelerated
urbanization in addition to agricultural regressmrresponding to national and global
transformations is the main anthropogenic procefisencing the rural system. These
processes were conflicted by nature preservatimmtgfincluding legislations of reserves
and parks. This paper will provide a quantitatiesatiption of this conflict evolution
during 50 years, 1940-1990.

The objective of this research is to assess rdtendscape transition in general and of
vegetation in Mount Carmel region. This coursestafly is well integrated in attempts to
understand process of land use and land-cover ekammgregional and global scales
(Meyer and Turner, 1994).

The methodology employed here is a combination afltidate air photographs
interpretation with analysis of temporal changasgi§Seographical Information Systems
(GIS) and Matrix Land uses Analysis as was devaldpeM. Sonis in the framework of
Matrix Migration Analysis (Sonis, 1980) and Econenmput-Output Analysis (Sonist
al., 2000). The Matrix Land Use Analysis is utilizingetmatrices of the land uses
redistributions within a given set of regions igigen time period.

This type of analysis includes two new approacbesntlysis of land uses redistribution
matrices: the superposition principle approachthednminimum information approach.
The first approach represents the geometric anlytazz algorithm of decomposition of
the land use redistribution matrix into the conwexnbination of the land use matrices
which represents the main tendencies of land wdistributions in a given set of regions
in a given time period. Thus, each empiricallyegiviand use redistribution can be
presented as a superposition of the land usestnibdigons connected with the optimal
solutions of some extreme land use redistributiomgesponding to the parsimonious
behavior of land users in a given set of regioms given time period.

The second approach represents the constructiaheofrtificial land use landscape
corresponding to the minimum information land usdistribution with fixed initial and
final land use distributions. The comparison of énepirical land uses landscape with the
artificial one represents the spatial specifics aof actual land use redistributions
connected with different parsimonious behaviorhef iand users themselves.

As an empirical validation of these new methodsnfrthe set of different regions in
Israeli Mount Carmel area in the vicinity of Hadaly one typical area of Zicron Ya'acov
(the urban settlement within urban-rural fringetioé Carmel Area) will be chosen for
different time intervals, 1944-1956, 1956-1970 48d@0-1990, and the main tendencies
of land use redistributions will be identified tdlger with their minimum information



artificial landscapes. Other different sub-areaghef Haifa periphery give the similar
gualitative picture of the transitions in land usesrban-rural fringe.

2. Mount Carmel land uses and Zichron Ya'acov researclsite.

The Carmel Mountain (area of 240 km square), ameefhere is a triangle-shaped
mountain. Its apex, in Haifa and its base is alttegYogne’am - Zikhron Ya’acov road.
The area is built from the following major landseapmits:

* Urban areas,

* Rural areas combined of both agricultural and tbu

land uses,

* Vegetation and flora areas,

* Nature reserves and National Parks,

» Forest plantation areas mainly by the KKL.
This research is concerned with mainly the landscdgnamics occurring at the
boundaries between these landscape units; in otads, in composite areas
representing the major conflicting trends of laragex evolution. The historical
dimension is essential for understanding this dynaiin general and vegetation recovery
and disturbance in particular. It is importanntuie for that purpose three major phases:
the declaration of the area as Forest Reserve éBititish administration Forest Act of
1926, the war of independence (1948) which mark sgomdecrease in the human
disturbance to the natural vegetation due to tfEa@bnment of most of the Palestinian
villages, and the legislation of Nature reserve Bational Park in 1966 by an Act of the
Israeli Knesset (Parliament).
We restrict our consideration by analysis of thedlases transitions in Zichron Ya'acov.
Zichron Ya’acov - a Jewish settlement experien@ngdvanced process of urbanization.
It was established in 1882 (at the beginning of Eest Aliya [wave of Jewish
immigration]), and until the 1970s the villagersrevenostly engaged in the grape-wine
growing. In 1990 it had a population of 6,220, lagticultural is no longer the major
economic activity. Most of the inhabitants commideHaifa, where they are employed
in various jobs, but some are able to benefit ftbenemerging local tourist industry.
The Zichron Ya'acov site includes all principal égpof anthropogenic activities in the
region of Carmel Zone. This enables us to undedstaa complexity of the landscape
processes throughout the Carmel Zone. The charigasdscape that have taken place in
Zichron Ya'acov were identified and mapped frompdiotos taken in 1944, 1956, 1970,
and 1990, so that they represent periods of tigferb the Six Day War, and two dates
after it. This war represents a turning point ia grocesses of land use change and in the
economic and social structure of the State of Israe

3. Research Methodology
The research methods employed in this study foctmstruction of empirical data base
are based upon the concepts and methodology ofdai8bined with research methods
of Historical and Settlement Geography and Ecology.
This study is using quantitative and periodicallgses for gathering the data. In order to
employ these means, two preliminary stages wengedaout: identifying and mapping
the landscape units using air-photos (similar eolork of Gavish and Sonis, 1980); and,



establishing a geographic data base. The prinaps¢arch stages are described as
follows:

3.1.Data Gathering.

Air photographs availability was one of the priradigriteria for choosing the research
sites, delineating their extents and determinirggdates included. The only source of air
photographs from the 1940s were those taken byBtitesh Government in 1944-45.
This survey provides, in fact, the first full sétaor photographs of Israel. The second set
of air photographs from 1956 represent the stagstaifilization of settlement activity
after the major waves of immigration which entelsdel following the establishment of
the State. The air photographs from 1970 were chbseause of their proximity to the
period just following the Six Day War when the ecory of Israel was reshaped and
restructured, and to the time of the steps takepréserve the Carmel by declaring it a
National Park and a Nature Reserve. The last sair gfhotographs were taken in 1990-
1992. Since the various air photographs were takdiight paths along differing routes,
the study area size and its location in relationtlie settlements was determined
according to the overlap between the flight strias.area of some 8 sq km was found to
represent the average site’ size, although thés smgtline is considerably amorphic, it
basically formed a circle with a diameter of thkee. In these areas most of the possible
types of landscape units were present. Since thearea of the study comprises some 25
percent of the entire Carmel Zone, our basic assomjs it provides a representative
sample of most of the landscape types and theiamyes. This scheme of sites definition
is too large extant arbitrary, thus although ttee slistribution of the different landscape
units is informative, the most valuable data conseates of landscape change.

The scale of the selected air photographs were ds#twi:10,000 to 1:20,000. The
landscape units were defined according to thearpretability from a mirror stereoscope.
The following are the landscape categories thaewlefined:

1. Heavy and dense vegetation coverage includihgradapine forest, oak woody land
and shrubs.

2. Medium vegetation coverage including open faredtoak and pine and scattered
shrubs.

3. Light vegetation coverage including bare argesssy meadows and isolated trees and
shrubs,

4. Orchards, olive groves;

5. Cultivated fields;

6. Recently abandoned fields and terraces. Thetifdation was based upon the
identification of abandoned irrigation canals ahe existence of randomly scattered
sparse bush vegetation;

7. Old abandoned fields, representing the chaiatitsr described in the previous
category, but with heavier vegetation cover co@egstwith remnants of historical
agricultural systems (terraces, canals, etc.)

8. Built-up areas with high and medium building siées, including commercial
shopping centers. Functional zones in rural sedtgmand surrounding urban areas;

9. Sparsely distributed buildings with single haiss the outskirts of urban built-up
areas;



The boundaries of the landscape units have beemndrato a transparency, which were

scanned, encoded and georeferenced to form argyessenting the landscape at a single
point in time. Combining the layers of the diffecendates for each site formed a multi-

temporal database.

4. Matrix Land uses Analysis

4.1. The data used in analysis.
The statistical data for the Matrix Land uses Asalys presented in the form of matrices
of land uses transitions of the following form:

Pu P2 0 Pk

m=(p)=| 7 BT @

Pci Px2 Bk

Here the relative land uses transition rafgs posses the following properties of the
probabilistic vectors:

=L > p =1 (2)

where p; is the relative frequency in percentage of theaachanges from landscape

categoryl to category andK is the landscape area units in given time period.

For example, the table 1 presents the matrix afdaape transition rates in the area of
Zichron Ya’acov, in three time periods 1944-195856-1970, 1970-1990.

The row sumsS, of the elements standing in rows are giving thgaindistribution of

land uses ratiodD) in the beginning of the time period. The columms S ; of the

elements standing in columns are giving the finsiribution of land uses ratio&D) in
the end of the time period

|D:s,:§ R, i=1.2,..K
= (3)

FD:S, =Y R, j=1.2,...,K
i=1

It is obvious that the vectot® andFD of initial and final distributions are probabiiist
vectors.



1944-1956

1 7 3 4 5 6 7 g oD S.
1 43 35 08 0 0 0 d o o9 95
7 21 15.4 0 0 0 0 o o 23 1938
3 18 6.6 14.2 13 26 0 o0 13 15 293
4 0 11 0§ 56 1.1 0 0 d o5 8.9
5 0.3 21 58 28 118 16 o d o8 252
B 0 d o038 0 0 0 0 d o 08
7 0 0 15 05 0 0 0 d o6 26
8 0 0 0 0 0 0 o0 35 0 35
9 0 0 0 0 0 0 0 d o04 0.4
FD:S 8.5 28.7 237 102l 155 1.6 o 48 7 100
1956-1970
1 7 3 4 5 6 71 g oD S.
1 45 25 03 0 0 0 o o2 o041 76
) 8.7 12.6 16 0.9 0.4 0 o 14 o1 257
3 18 6.4 139 0.2 05 0 o o9 1| 247
4 0.2 0.7 14 53 27 0 o0 02 o4 109
5 08 1 209 4.7 65 0 o0 04 o5 168
B 0 qa 23 0.4 0 0 0 03 o0 3
7 0 0 0 0 0 0 0 d o 0
g 0 0 0 0 0 0 o0 47 0 4.7
9 0 qa 02 0 0 0 o 24 4 6.6
FS: S 16 232 226 115 101 0 0 105 6.1 100
1970-1990
1 7 3 4 5 6 71 g dIstS.
1 105 33 0 0 0.4 0 o0 27 o5 174
J 102 71 21 0.3 0.4 0 o 51 o1 253
3 0.7 1 84 1.1 0.7 0 0 4 o5 224
4 05 15 04 38 38 0 o0 1.6 04 12
5 0.2 07 07 13 51 0 o0 04 12 96
B 0 0 0 0 0 0 0 d o 0
7 0 0 0 0 0 0 0 d o 0
8 0 0 0 0 0 0 0101 o 101




9 0.4 0 0 0 0 0 0 2.1 0.7 3.2

FS: S 22.5 196 116 65 104 0 o 26 34 100
Table 1. Matrices of landscape transition ratesha area of Zichron Ya'acov,1944-1990
4.2. Temporal Dynamics of Initial and Final distutitons of relative shares of actual
land uses.

For the purposes of representation of the tempdrahges in land uses shares we will
use the ranking of the shares according of theg si

The Rank-Size sequences of land uses distributionthe three time periods are
presented in the following table 2.

1944-1956 | 1956-1970 1970-1990
Initial Distr. Final Distr. [InitialDistr. Final Distr. InitialDistr. Final Distr.
3| 29.3 2| 28.7 2| 25.7 2 23.2 2| 25.3 8 26
5| 25.2 3| 23.7 3| 24.7 3 22.6 3| 22.4 1| 225
2| 19.8 5/ 15.5 5| 16.8 1 16 1| 17.4 2| 19.6
1 9.5 4 10.2 4| 10.9 4 11.5 4| 12 3] 11.6
4 8.9 1| 85 1 7.6 8 10.5 8| 10.1 5| 10.4
8 3.5 9 7 9| 6.6 5 10.1 5/ 9.6 4 6.5
7 2.6 8| 4.8 8| 4.7 9 6.1 9| 3.2 9 3.4
6 0.8 6] 1.6 6 3 6 0 6 0 6 0
9 0.4 7 0 7 0 7 0 7 0 7 0

Table 2. The rank-size sequences of Initial andalFHiand uses distributions in Zichron
Ya'cov area, 1944-1956, 1956-1970, 1970-1990.

It is possible to see that land uses shares iretiteof a time period do not coincide
guantitatively with the shares in the beginningtioé next time period. This can be
explained by that the air photographies in eaclogesre not identical by scale and by
angle of view and, therefore, the practical measerdg the land uses shares give the
measurement deviations which in our case for a@lttme periods do not exceed 3%.
Nevertheless the Rank-Size sequences are coincgliatitatively, i.e. the ranking of
land uses are the same in the end of each timedoand in the beginning of the next
one. This fact supports significantly the robussnelsour method of measurement of land
uses.
The dynamics of redistributions of land uses shaggsals the following tendencies of
change:
* The light vegetation coverage (3) looses its magei (from 29% to 12%)
descending from the first place in ranking in 1&tiod to the fourth place
in 1990;
* The medium vegetation coverage (2) occupies in Ewin 1990 about the
same size (about 20%) and taking the first placenking from the 1956
till 1970 (covering about 25%);
* The heavy and dense vegetation (1) climbs up fraumt-fifth place in 1944.
1956 (about 9%) to the second place in ranking@®@0l(about 22%);
* The orchards and olive plantations (4) stays iri@é periods on the fourth-
fifth place (looses its magnitude from about 109696);
« The cultivated fields (5) descend from the secoladein 1944 (about 25%)




to the fifth place in 1990 (about 10%);
* The abandoned fields (6,7) which occupies aboutir8%®044 disappears in
1970;
* The dense built-up areas (8) are growing strongignfthe six, seventh place
in 1944-56 (about 5%) to the first place in rankind.990 (about 25%);
* The sparse urban built-up areas (9) which reacheglace in 1956 (7%)
stands in the end of ranking in 1990 with 3%.
The land uses distribution dynamics became muctemisible on the aggregated level
of only three aggregated land uses types: I. Végetdl, 2, 3); Il. Agricultural uses (4,
5, 6, 7) and Ill. Build up areas (8, 9) (see tdljte

1944| 1956( 1970] 1990
I 58.6] 59.5] 63.5] 53.7
Il 375 29| 21.6] 16.9
I 3.9] 11.5] 14.9] 29.4

Table 3. Temporal changes in aggregated average lem@s shares, Zichron Ya'acov (%)

This table shows that the main aggregated avemgkencies in land uses redistribution
are:

» The Vegetation (l) is covering about 60% of Zichieaiacov area;

* The Agriculture uses (llI) gradually decrease frad8.40 20%;

* The Build up area (lll) is strongly increases frdéb to 30%.

The fact that most of the sites present similandsedespite variations in their land uses
composition is important from two points of viewirstly it is strengthening the
significance of the trends, and secondly, it sutgggist the sites respond in a similar way
to the forces deriving the landscape change.

4.3. Sum Products Matrix (SPM) and Artificial lansgles transition landscape.
This subchapter presents the methodology of matmadysis first developed in the Key
Sector Input-Output analysis of economic flows (Sen al, 2000).

Land uses transition matricés (3, 4) and their row and column surts, Sj (5) can
be used for the calculation of Sum Products Magr{&PM):

S.
s=(s8)= T (s 5.9 (=8 @

.
.

S

ne

It is important to underline that the column and roultipliers of the SPM are the same as
those of the Land uses transaction matfix



The sum product matriXSPM) provides a visual representatianti{icial landscapé of
the structure of land uses, giving a basis forcmparison of structures of different land
uses transitions in the same area over time.

The definition (4) defines a specifeross structureof the SPM which will be presented
below. First of all, the largest component of tH&\VSis the product of the largest column
and row sums:

maxs, =(max$, ) (max§ ) S S )

Moreover, all rows of the SPM are proportional te row of column sums and theh
row, corresponding to the largest row sﬁm , Is the “biggest” row with the maximal
components in each column.

Analogously, all columns of the SPM are proportidmathe column of the row sums and
the j, th column, corresponding to the largest column S,lem is the “largest” column

with maximal components in each row.

These proportionality properties imply that thegkst components of the SPM are
included in the cros§y, j, ggenerated by the th row and j, th column in such a way that
for each column (row) of the SPM the largest elenties in the, th row (j, th column).
The largest component of the SPM is located irctrger of this cross. Furthermore, if the
crossli),jI g is excluded from the SPM, then the next classj,, (Wi” include the largest
remaining elements; the same property holds for thsucceeding

crossed) ,ju, (K. (10,1, C

This cross-structure of the SPM is essential fendisualization of the land uses transitions
structure with the help drtificial structural landscapesEssentially, SPM is presented as
a three-dimensional picture of the land uses tt@msi; by corresponding manipulation of
the row and column ordering, it is possible to cliye compare the land uses transitions
structure of several areas in different time pesiod

For the construction of these landscapes one cargaeize the location of rows and
columns of the SPM in such a way that the descgnsiguence of the centers of crosses
appears on the main diagonal.

This rearrangement also reveals the descendingsiaekhierarchies of row and column
sums. Moreover, we can consider the rank-sizeesems of the components of the SPM
and to replace the entries with their ranks. Onliags of the rearranged SPM, the three-
dimensional diagram of descendiegonomic landscapean be drawn, where the two-
dimensional plane represents the hierarchy of colland row sums, and the third
dimension - the height of the bars - represents/tiheme of products of column and row
sums.

It is important to stress that the constructiomuificial landscapes for different regions, or
for the same region at different time periods, wedhe possibility for the establishment of
taxonomy of the land uses transitions on the bas$isvisual representation of the

similarities and differences in the structure ahsitions.



4.4. Maximum Entropy property of SPM.

Consider all land uses transition matridés; (rij) with the property that the row and
column sums are equal to the row and column suntBeotoncrete land uses transition
matrixM :(pij):

PRAEDNAESHIDI EED I RS (6)
J J i i
We can attribute to each positive mathk the Shannon entropy
EntN=-3 logy, 7)(
1]

(Here we apply the usual assumptidog 0= 0)

The maximum entropy theorem. The sum product matrix S has a maximum entropy
property Sonis, 1968. 1996):

EntN=-> glogy <->$.§log $ $= EntS | (8)
i i

The proof of this statement it possible obtainsdbgct calculation from the well-known
Shannon information inequality (Shannon and We&l@64, p. 51).

The SPM matrixS may be considered to preséme most homogeneodstribution of the
components of the column and row sums of the laes gshardgl . Thus, while the SPM
does not take into account the specifics of thd lases transformations, it does provide the
aggregate representation of land usgsalization tendencies the spatial interactions
between land uses. To underline this, let us rfeaeif the land uses transitions mathk
has equal column and row sums, then the artificiatl uses landscape will be a flat,
horizontal plane.

Land

Uses 6 8 9 1 4 5 3 21D

0.47| 1.41 2.05) 2.49 2.99 4.54 6.94 8.41 29.3

0.4 1.21 1.76] 2.14] 2.57| 3.91] 5.97| 7.23 25.2

0.32] 0.95 1.39 1.68| 2.02] 3.07| 4.69 5.68 19.8
0.15 0.46) 0.67] 0.81] 0.97] 1.47] 2.25| 2.73] 9.5

0.14/ 0.43 0.62] 0.76| 0.91] 1.38] 2.11) 2.55 8.9

0.06| 0.17] 0.25[ 0.3] 0.36] 0.54] 0.83 1 35
0.04) 0.12) 0.18 0.22] 0.27] 0.4 0.62| 0.75 2.6

0.01] 0.04) 0.06/ 0.07| 0.08 0.12/ 0.19 0.23 0.8

O O [N [0 [D [N |01 |W

0.01] 0.02] 0.03/ 0.03| 0.04 0.06| 0.09| 0.11] 0.4
FD 1.6 48 7 8.5 10.2 15.5 23.7] 28.7
Table 4. The Rank-Size hierarchies of row and colsoms and corresponding maximum
entropy SPM matrix, for Zichron Ya'acov area, 1%#4-

Ol |0 |0 |0 |0 |0 |0 |o |~




The table 4 presents the Rank-Size hierarchieswfand column sums of the land uses
transitions matrix for Zichron Ya'acow area andresponding to maximum entropy
SPM. This matrix is calculated with the help ofrfmdae (4) on the basis of land uses
transition matrix from table 1. The correspondimgss-structure interpreted graphically
in figure 1. In this figure, the order of the rowsovides the hierarchy of rows in initial
distribution of land uses while the order for th@uenns provides a similar structure for
the column sums in final distribution of land us€&ke land uses are arranged in such a
way that the northwest quadrant provides the highlesation and thartificial land uses
transitions landscapslopes towards the east and south. At the apéxeohierarchy is
the intersection of land uses 3 (Light vegetationetage) and 2 (Medium vegetation
coverage).

Figure 1. Maximum Entropy Artificial Land Uses land scape,
Zichron Ya'acov, 1944-56
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For comparison the figure 2 presents the actual leses landscape based on the same rank-size
hierarchy.



Figure 2. Rank-Size of actual Land Uses transitions Landscape,
Zichron Ya'acov, 1944-56
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This landscape of actual land uses transitionsepteshe actual preferences in choice of
land uses in Zichron Ya'acov area; 1944-56 in comspa with maximum homogeneity

of land uses transition shares presented by SPEkelpreferences can be revaluated by
calculating the difference

M-S %)

6 8 9 1 4 5 3 2

-0.5| -0.1] -0.6| -0.7 -1.6 -1.9| 7.2| -1.8

12 -1.2] -1]-1.8] 0.2 7.9| -0.2] -5.1

-0.3] -1 1| 0.4 -2|-31| -47] 9.7

-0.2] -0.5| 0.2| 3.6 -1|-15/ -1.5| 0.8

-0.1) -0.4| -0.1] -0.8] 4.7| -0.3| -1.5| -1.5

-0.1) 3.3] -0.2| -0.3] -0.4| -05| -0.8] -1

0| -0.1] 0.4| -0.2| 0.2] -0.4] 0.9| -0.7

0 0| -0.1] -0.12| -0.1 -0.1] 0.6| -0.2

OIO|N[O|A”[P|IN][O|W
[ell=l[=l[=l[=l[=][=]l[=][=]1R

0 0] 04 0 0] -0.1] -0.1f -0.1

Table 5. Difference of the matrices M-S (shadedbarimpresent the preferable land
uses.)

The table 5 reveals that preferable land usesdhafi Ya'acov area during 1944-56 were
1, 2, 3 (Vegetation coverage), 4 (Orchard and slpantation) and 5 (cultivated fields).
In the period 1956-70 the land uses preferences We2, 3 (Vegetation coverage), 5
(Cultivated fields) and new land use 9 (Sparsedbuil area).



In the period 1970-90 the land uses preferences We2, 3 (Vegetation coverage), 5
(Cultivated fields) and a land use 9 (Sparse hwilcirea) was exchanges by land use 8
(Dense build up area).
It is important to note that for periods 1956-1@@ 1970-1990 the artificial land uses
landscapes became more flat.
4.5. Limitators of homogeneity of land uses coverag
The deviation of actual land uses transitions ftbemmost homogeneous land uses
transitions can be measured by the limitator of bgemeity first introduced by the
Russian geographer B. L. Gurevich (Gurevich, 13e@;also Sonis, 1968):

EntM
L=1-

Emax
If the entropyEntM obtains the maximum valug,., , in the case of maximal

homogeneity of land uses transition shares, thetirtitation of this homogeneity dos
not exists, i.e.L =0 . In the case of the maximal heterogeneity, whemtltrixM of
land uses transition include only one non-zero camept 1, therEntM =0 and

L =1 and we have the case of maximal limitation of hoeraty.

Table 6 presents the values of the limitator of bgemeity of land uses in three time
periods.

oj1

ENT M |[Emax  |L
1944- 1.27 1.55 0.18
1956
1956- 1.32 1.61 0.19
1970
1970- 1.32 1.56 0.15
1990

Table 6. Entropy and limitator of land uses homaggnmeasures for Zichron YA'acob
area in 1944-1956-1970-1990.

For all time periods the values of the limitatohaimogeneity of land uses covering are
changing between 15-19 %, which mean that thedinns of homogeneity of land uses
transitions is low and dynamics of land uses itams is slow.

5. Decomposition and assemblage of the land uses i®#sa

The land uses transformations in the given areangusome time interval can be
considered from the view-point of the decomposi@onl view-point of assemblage. The
decomposition means the division of the sub-aredeusome definite land use in the
beginning of time interval into the set of sub-areader different land uses in the end of
the time interval; the assemblage means the bigngdgether all sub-areas under the
same land use in the end of time interval intouhiied area under the only one type of
land uses.

This section deals with an analysis and spatiatesgmtation of decomposition and
assemblage in a real land uses transformations. résteict ourselves to a detailed
representation of the analysis of decompositiamgesthe scheme of assemblage analysis
can be considered analogously.

5.1. The convex polyhedron of the admissible |a®dtransformations

Let us consider the land uses transformationk different types of land uses in a given
geographical areas in a given time interval. Thesmgsformations can be statistically
described by the transformation matrix (3, 4):

An initial land uses distribution for decompositianalysis is:



S.=1 R i=12.K (11)
2

These data allows for the incorporation of the alcstate of the land uses systévh,into
the polyhedron of admissible states. For the dgosition analysis, the convex
polyhedron of admissible states includes the ttemsmatricesx =[>€,— ] satisfying the
following system of linear constraints:

% 20, i,j=12,..n

ij=1

K
Z)g] :$-! i:l,2,...,K
j=1

5.2. Normalized unite cube of admissible land Gisessition.
The description of the polyhedron of admissiblallases transitions (12) can be
simplified by compressing them into a many-dimenalainit cube of stochastic matrices

R=[1]=[% /$. ]for decomposition analysis:
20, i,j=12,.n

n 13
M1, =1 j=12,.0 (13)
i=L

The correspondence between the matrikcesadmissible transition matrices from the
polyhedron (12) and the stochastic matriedsom the normalized polyhedron (1B3)

one to one; transfer from matrRR to Xis easily done by multiplication of rows of the
matrix R on the sumS§, . The unit cube (13) of the stochastic matricageiserated by

the vertice/, which are 0-1 stochastic matrices with only ona-aero component 1 in
each row. The matriM =[ p; | of an actual land uses transitions converted in¢o t

stochastic matriR, =[ g / $. | within the unit cube (13) of all stochastic magscthus,

the procedure of the decomposition can be apptiedrialysis of a normalized transition
matrix. Moreover, because of the 0-1 structurthefverticed/, each vertex-matri¥
presents the extreme tendency of transfer of |aed only to the one type of land use
Thus the vertices of normalized unit cube are a@efiby the rule: “everything or nothing”
— each row of the vertex-matriXincludes only one non-zero coordinate

5.3. Superposition principle, definition of the m&ndencies in land use transitions and
their degrees of realization in real land uses.

The superposition approach decomposes the actdhliges transition matrik, into

the weighted sum of matric&4, representing the action of the extreme transition
tendencies:

R =R+ Bp\V+..+ Ry, (14)
wherel>p, =0 andp, + p,+...+ p, = 1.



The complete expressions of these extreme tendedefe the set of vertex-
matriced/; . Each extreme transition matvixenters the actual transition matii with
the weightp, <1, and the sum of weights is equal to 1.

The procedure of the decomposition analysis cansisthe successive extraction from
an actual transition matrix of the shares corredpuanto the constructed set of extreme
tendencies. At the beginning, we construct aneexér vertex-matriy; , which is the
complete expression of the main extreme tendentanaff use transition tendency, and
determine its share (weight) in the actual traositnatrix and simultaneously determine
the residual of the actual transition after theaotion of the action of the main extreme
tendency, . In this residuaR , we choose the next extreme tendenicy and so forth.

The most significant fact is that the set of realdlR;, corresponds to the meaningful set

of the “bottlenecks,” corresponding to those paftthe actual transition process where
the action of environmental factors compels theadransition to diverge from the
extreme transition. These transition “bottleneattstermine the weights of the extreme

transitionsV; in the actual transition matrig,

4, The decomposition analysis of land uses transitior&chron Ya'acov site.
At first, we will consider the main tendencies @cdmposition of land uses transitions in
Zichron Ya'acov area during 1944-1956. This landsusansition is described by the
matrix

M 1 2 3 4 5 6 7 8 9 ID
1 43 35 0.8 0 0 0 0 0 0.9 9.5
2| 2.1 154 0 0 0 0 0 0 2.3 19.8
3] 1.8 6.6/14.2 1.3 2.6 0 0 1.3 1.5 29.3
4 0O 1.1 0.6 5.6 1.1 0 0 0 0.5 8.9
5 0.3 21 58 28118 1.6 0 0 0.8 25.2
6 0 0 0.8 0 0 0 0 0 0 0.8
7 0 0 1.5 0.5 0 0 0 0 0.6 2.6
8 0 0 0 0 0 0 0 3.5 0 3.5
9 0 0 0 0 0 0 0 0 0.4 04

The normalized stochastic matRx , corresponding to the land uses transition mérix
has a form:

R 11 2 3 4 5 6 7 ¢ o9
1045 0377008 o d d o ooo9
Jdo1fo7d o o o o o odo12
3 0.06| 0.3 0.48 0.04 0.09 0o 0 0.04 0.05
4 0012007063012 o d 0006
5| 0.01 0.08| 0.23 0.11] 0.47 0.0s0 0 0 0.03
6 o o 4 d o o d d o
717 o oos8019 o o o oo23
g o o o d o o o 4 o
o o o o d o o o d 1




This matrix is calculated by dividing the rows b&tmatrixM on the row sum§, . The

shaded coefficients of this stochastic matrix repnt the maximal elements of each row.
The 0-1 stochastic matihk , which presents the main tendency in the land uses

transitions, obtains the following form:

Vi

ClIOo|IRP|IPIOC|IO |k |O |0 |W

OO0 |0k |0 [0O|0 |O|u

O[O0 00|00 [0|0 |O|®

OO0 |0 0|0 0|0 |0 |~
OlRP OO0 |0 |0 |0 |0 |®
P OO0 000 0|0 O |

O~ |d WIN [
||| |0 |0 |0 |k |-
OO0 |00 |0 |0k |ON
OO0 |0 |0 |k |0 |0 |0 |~

This stochastic 0-1 matrix is obtained from mabyxputting 1 instead each shaded
coefficient. The compressed form of this matrixgemgs the main tendency of land uses
transition:

Vi

O~Noogn|d [WIN |
O 0 W w ol whN =

V, represents the main tendency of preservation ofdlewing land uses: Vegetation
coverage (1,2,3), preservation of Agricultural uée®), preservation of Build up areas
and transfer of Abandoned fields (6,7) to Spaesgetation coverage (3).

The weight of this tendency is 0.45 (this valuesprégs the minimum from the set of all
shaded coefficients in matriR, and also defined the first "bottleneck” problene th

interdiction to the preservation of Sparse vegetatioverage (3)).
The following decomposition holds:

R, =0.45/+ 0.5%R 5§1
where R is the first remainder. The equation (15) impliestt
R =1.8182R - 0.818¥% (16)

Therefore, this remainder has a form:



R 11 2 3 4 5 6 7 8§ o9
11 oo067015 o o o o 0017
do19 088 o o o o o odo2d
3 0.11] 0.41 0.06/ 0.08 0.16f 0o 0o 0.0d 0.09
4 0o02017d033022 o d o 01
5 0.02 0.151 042 02/ 003 0120 o 0 0.06
6 o o 1 o o o o d o
71 o oo2d035 o o o oo42
gd o o d o d o o 1 o
d o o o o o o o o 1

The extraction of the next extreme tendevicyfrom the first remaindeR, gives
R =0.33/,+ 0.67R,

where the second extreme tendency has a form:

V2

O N|O [OT[BD [WN |

O [0 ]|O© [W[W [ [NIN N

9

17)

Here the second "bottleneck problem™ prevents thegyvation of Orchard and Olives

plantations (4).

The equation (17) implies
R, =1.4925R - 0.492%,

The substitution of (17) into (15) gives the folloy decomposition:

R, =0.45/+ 0.18,+ 0.3R
The aggregated weight of two extreme tendenciealsdqa 0.63 and the remainder
R, calculated with the help of formula (18) is:

R, 11 2 3 4 5 6 7 ¢ o9
| oos1o2d of o o o oox2s
2029 04 o o o o o ooz
30.17] 0.12[ 0.09 0.1/ 024 o o[ 0.19 0.14
4 olo34o18 o033 o o ooa1s
5/ 0.03] 0.23 0.13 0.3/ 0.05 017 o o 0.09
6 o o 4 o d d o d o
71 o oo34052] o o o o1
g o o o o d d o 4 o
o o o o o o d o o 1

(18)

(19)



The decomposition of the second remairiglerhas a form:

R,=0.23,+ 0.77R, (20)
with the third extreme tendency

V3

O[O |N O[OS [WIN [
O[O D [WIN [N [OTIN [N

which includes the "bottleneck” in transition frafgricultural uses (5) to Medium (2)
vegetation coverage. The substitution of (20) {i®) gives the decomposition of
normalized land uses transitiBy :

R, =0.45/+ 0.18/,+ 0.0%,+ 0.28& (21)

This decomposition includes three extreme tendengi®/,,V, with aggregated weight
0.72. The analysis of sequential remain&e+0.22V, + 0.7&R,

R, 11 2 3 4 5 6 7 ¢ o9
| oosdo3] of o d d oos33
037022 o o o o o o4
310.22[ 0.15] 0.1 0.16/ 0.01] o o[ 0.16] 0.18
4 0014024 o043 o o o o2
5 0.04 -0 017039 006 022 o o 0.11
6 o o 4 o d d o d o
71 o oo045038] o o o o1z
g o o o o d d o 4 o
o o o o o o o o o 1

gives the following superposition of four extrensadencies with the aggregated weight
0.78:

R, =0.45/+ 0.18/,+ 0.08,+ 0.0g,+ 0.2B (22)

where fourth extreme tendency:



O O|INO O[S [WIN [
O WIW SO [P IN

9
with "bottleneck™ interdicting the transition froBparse vegetation coverage (3) to Dense
vegetation coverage.

This sequential analysis can be continuing by idiclg additional extreme tendencies

with preset average weight. In our analysis we skdbat the value of preset average
weight will be about 0.80.

For time period 1956-1970 the normalized stochastitrix of the land uses shares

R, has the following decomposition into four extrerardencies:
R,=0.39v,+ 0.25/,+ 0.18,;+ 0.0y,+ 0.1B
with aggregated weight 0.81 and with extreme teogsnof the form:

Vi V, Vs Vv,
1 1 1 2 1 1 1 1
2 2 2 1 2 2 2 1
3 3 3 2 3 3 3 3
4 4 4 5 4 3 4 4
5 5 5 4 5 3 5 3
6 3 6 3 6 4 6 3
TXXXX] TXXXX TXXXX] TXXXX
8 8 8 8 8 8 8 8
9 9 9 9 9 9 9 9

We can see that in the period 1956-1970 the Oldddrzed fields (7) disappeared.
For time period 1970-1990 the normalized stochasttrix of the land uses shares

R, has the following decomposition into five extreraadencies:
R, =0.32/+ 0.2, + 0.13%,+ 0.08,+ 0.06Q0+ O0.R
with aggregated weight 0.80 and with extreme tenigsnof the form:

V, V, V, v, V,
1 1 1 1 1 2 1 8 1 1
2 1 2 2 2 8 2 1 2 3
3 3 3 2 3 8 3 2 3 3
4 4 4 5 4 8 4 2 4 5
5 5 5 5 5 9 5 4 5 2
6| XXX 6| XXX 6[XXX 6| XXX 6| XXX
X X X X X
7[XXX 7 XXX 7[XXX 7IXXX 7[XXX




In the period 1970-1990 the Recent and Old abardibelels (6 and 7) disappeared.
The extreme tendency, represents the strong urbanization build up proiretss

decade.

7. The assemblage analysis of land uses transitiodscimron Ya'acov site.
Analogously to the analysis of decomposition ofllaiIses coverage, we will consider
first the main tendencies of assemblage of land tre@sitions in Zichron Ya'acov area
during 1944-1956.cf. subchapteB). The land uses transition is described by theimat

M 1 2 3 4 5 6 7 8 9
1 4.3 35 0.8 0 0 0 0 0 0.9
2| 2.1 154 0 0 0 0 0 0 23
3] 1.8 6.614.2 1.3 2.6 0 0 13 15
4 0O 1.1 0.6 56 1.1 0 0 0 05
5 0.3 2.1 58 2.8 11.8 1.6 0 0 0.8
6 0 0 0.8 0 0 0 0 0 0
7 0 0 1.5 0.5 0 0 0 0 0.6
8 0 0 0 0 0 0 0 35 0
9 0 0 0 0 0 0 0 0 0.4
S'J' 8.5 28.7] 23.7] 10.2] 15.5 1.6 0 4.8 7

With the following final distribution of shares different land uses in the end of 1956:

S 8. 28.7‘ 23.7‘ 10.2‘ 15.5‘ 1.6‘0‘ 4.8‘7

(€)1

The normalized markovian mati@} , corresponding to the land uses transition matrix
M has a form (in markovian matrix the column sumsasfficients always equal to 1):

Q 11 2 3 4 5 6 71 8§ o
1051012003 o o o o oo13
Jdo2si054 o o o o o oo33
3 021023 060 0.13 017 o 0 0.27] 0.21
4 0004003055007 0o o 0007
5/ 0.03 0.07 0.24 028 0.76) 1| o o 0.11
6§ o oo03d o d o d d o
717 o oo007004d o o d oood
g o o d o d o dozad o
d o o o o o o d ooos

Analogously to (22) the following superpositionfotir extreme tendencies of the
assemblage process with the aggregated weightc@ryBe derived:



Q=032+ 0.2W,+ 0.1+ 0.1+ 0.2

where

W 1 20 3 4 5 6 7 8§ 9
1 20 3 4 5 sxxxx § 2

W, 1 2 3 4 5 6 7 8 9
o 2 3 5 5 sxxx{ 8 3

W, 1 20 3 4 5 6 7 8§ 9
3 3 5 4 5 sxxx{ 3 1

W, 1 2 3 4 5 6 7 8 9
1 1 5 3 3 sxxxx & s

The first extreme tendendy, presents the fact that almost all (1-8) land ugped are

the biggest supplies of coverage to themselvey;, thiel Sparse urban areas coverage (9)
is supported by transition from Medium Vegetati@verage area (2) and this transition
contains the "bottleneck”. The weight this firshdency is 0.32. It is interesting to note
that on the level of aggregated land uses of thegy, Il, Il other tendencies are similar
with "bottlenecks" interdicting the transition toetsame Sparse build up area (9).

For time period 1956-1970 the decomposition ofakeemblage process is:

Q,=0.45\+ 0.16N, + 0.1W+ 0.08y+ 0.19

with four extreme tendencies of assemblage (wighatlpgregated weight 0.81):

W 1 2 3 4 5 6 7 8 9
o 2 3 4 ghxoxxxxxx 8§ 9
W, 1 20 3 4 5 6 7 8 o9
1 3 3 5 axxxxxxxx| 9 9
W, 1 2 3 4 5 6 7 8 o9
11 3 5 5 sxxxxxxxx| 2 3
W, 1 20 3 4 5 6 7 8 9
3 1] 6 5  dxxxxxxxx 3 8§

For time period 1970-1990 the decomposition ofabgemblage process is:
Q, =0.35N + 0.16M,+ 0.14M+ 0.10y+ 0.28

With four extreme tendencies of assemblage (wighatgregated weight 0.75):
W 1 2 3 4 5 6 7 8 9
1 20 3 4 sxxxxxxxx 8 5
W, 1 20 3 4 5 6 7 8§ o9
2 3 3 4 ghooodxxxx 3§ 9
W, 1 2 3 4 5 6 7 8 9




2 3 3 5 SXXXXXXXX 2 3

W, 1 2 3 4 s 6 7 8 9
21 2] 3 BXXXXXXXX 1 1
These extreme tendencies present the continuatiealfesupport of land uses coverage
together with the enlargement of the Build up areskich contains all "bottleneck
problems" interdicting the assemblage of Urban lases (8, 9).

8. Discussion

In this paper we consider a dynamics of land usassition shares of nine groups of
categories of land uses coverage and their aggoagato three major types: agricultural
areas, areas with natural vegetation and buildreasa

The purpose of the paper is methodological: to earesn detail the Matrix land use
analysis and discuss shortly the case of the MGaninel urban-rural fringe.

8.1.Transitions in the agricultural areas

Historical records of The British government lanseusurvey (village statistic, 1945)
reveal that agricultural land uses cover a majat pathe Mount Carmel region of
1940's. In broad terms, the villages’ land usesewmmposed of 0.25% build up areas,
10% of orchards and almost 90% of cultivated fieMsst of the open areas beyond the
villages’ boundaries were grazing areas. Accordng survey of the natural pasture of
Israel which was conducted in 1956 a total of 1@0,6unams had been used for grazing
at different intensities. Although these figurepresent significant phase of change since
1948, it indicate together with the data of fietdsl orchards that the absolute majority of
the area was used for agriculture. At the begmnaf the 1990’s the picture as
represented in the research sites is totally differ cultivated fields and orchards have
been reduced to less than 25% while the built-igaswere expanded and became a
dominant land use in most of the sites. It is int@atr to note, that the mountain
agriculture was almost completely abandoned oredsad radically while cultivated
fields and orchards were less affected in the yallas it is represented in Zicron
Ya'acov.

In broad terms, this land transformation can bedéid into two phases: at the first phase
the rate of decreasing agriculture is higher thaat of increasing built-up area, while
inverse relationships exist in the second phase. réplacement of agricultural land by
built-up areas is well known around the world imgel and in Mediterranean countries
in particular (see for example Frandez Aletsal, 1992 and Barberet al., 1990).
However, a distinction must be made between endogemcesses of built-up area
growth onto agricultural lands taking place in cowal areas in general and in the
Carmel in particular, and exogenic processes whgreulture land is lost due to the
expansion of urban areas into the rural zone teeisase in the periphery of the Tel Aviv
Metropolitan Zone and Haifa (Gavish and Sonis, 19firan 1996).

Socio-economic changes following population growtk the main deriving forces for
this land transformation. A comparison betweensatiebuilt-up area increase and those



of population growth shows that the first is of rhuugher magnitude than the second.
Part of the explanation for the lack of correspart#gebetween the growth rates of the
population and the built-up areas stems from thegular pattern of the settlement and
the traditional form of its land tenure system Ocen identify here simultaneous
processes of discontinuous expansion and infillihgaps (Sofer and Kipnis, 1980). By a
process of discontinuous expansion, houses andhlm@igoods are established in
agricultural areas outside the settlement’s bouadaaccording to the land ownership
system, and then by infilling, houses are builttio& land between the periphery and the
old borders. Both these processes take place aatine time on different sectors of the
rural area. The overall settlement density is redugn one hand and there is a need for
excess development of infrastructure (per housimt) on the other. The transformation
of rural areas to urban brings about the total tddsaditional sources of income, results
in a change in life-style, and, eventually, in thisappearance of the culture associated
with the former way of life.

8.2. Transition trends in open areas

The general picture of changes in these areaimtinease in vegetation density of as a
result of the forced reduction of grazing pressumed woodcutting. Mainly because of
the enforcement of the legislation of natural larages preservation (National Parks and
Nature Reserves Law of 1963 and the Law of thedetimin of Vegetation of 1950).

The general average of sparsely vegetated areasaded from 32 percent in 1944 to 10
percent in 1990, while areas with a high vegetatweer increased from 14 percent to 44
percent at the same period of time. By tracing ttkads of vegetation change in the
different study locations for the three categoradscoverage we have charted four
different types of vegetation processes:

- Natural recovery:

This process is represented by two parameters: ettpansion of areas of heavy
vegetation coverage and the transformation of aoéasoderate vegetation cover into
thick cover.

One should note that these results correlate waw findings of Kutiel (1993) and
Broide, et al., (1996) who examined the procesgegetation renewal after fires.

- Recovery linked to afforestation:

Vegetation recovery rates were enhanced due toeaftfation activities mainly by the
KKL. These activities were widespread throughoet @armel region and mainly during
the 1960’s and the beginning of the 1970’s.

- Disturbance due to grazing and woodcutting:

Settlements having a significant proportion of agjtural land use are showing a delay
in the vegetation development rate in open areas.

- Disturbance due to the expansion of built-up sirea

Vegetation recovery since the 1940’'s is a most ment in the open areas of Mount
Carmel region. The main threat to this positivermeena is from the expansion of built-
up areas. Controlled grazing in these areas mayihgireserving not only the ecological
values of this landscape but also allowing the icoation of some characteristics of the
local population’ traditional culture. Another aahNage concerned improving the forest
structure and by that reduction of fire threatsyB®zki, 1992).



This study presents the theoretical principles, tfethodology, and the use of Matrix
analysis of landscape transitions by means of agfapbic Information System, and
employs, for the first time in Israel, a quantiatimethod for measuring changes over a
long period of time. The relationships between naawd the environment have been
presented in the past as being reciprocal onesaandio separate systems--nature and
man. The latter is an “exterior” force, creatingtdrbances and stopping them (Naveh
and Liebrerman, 1984). Only for the past few yeaase we begun to see studies
pertaining to landscape transitions in the worldlasy quantitative changes. This subject
is still at its very beginning. In none of thesgees was there a combination of a number
of landscape methods over a relatively long perddtime for a good number of
locations. Studies which pertained to an analydisthe landscape of Israel were
concerned with descriptions of the landscape amitesent processes in a qualitative
manner (Ben Artzi, 1986, 1996; Grossman et al. 3199

Because of the rise of awareness of the topic eh@veas, studies have begun to appear
dealing with an empirical analysis of the landscépatleson, 1995). Our study presents
an integral landscape system in which man liveswaoiks and influences nature “from
the inside.” Even though the general trends otlsaape development on the Carmel
were well-known to Israeli scientific, the dynamiasd rate of the processes were not
studied quantitatively using methods of remote sgnsThe scientific importance of this
type of work results from the opportunity to use #tame methods in different places and
to compare the results despite differences in straccharacteristics, and function.

The use of landscape transformation matrices igsicbnstrument for this purpose. The
matrices were constructed by building layers oadata regional geographic information
system, and by overlaying each pair of successayers. The rates of landscape
transition were calculated by these matrices. Tiainted to rapid processes of change
on the Carmel -- urban encroachment at the expehs@ricultural areas and natural
vegetation. The continuation of these trends willaubtedly bring about sharp conflicts
between the needs for land for agriculture anddingl and the desire to preserve natural
landscapes, the Carmel National Park, and thewhté&tom landscapes which have been
renewed on the periphery of Haifa.

The new methodology of matrix Land uses analysesgmt the analytical computerized
approach to study of Land uses. It is hoped thaili broaden and deepen the study of
landscape systems in Israel and enable its congpansgith other Mediterranean
landscapes.
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