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Land consolidation




1. Land consolidation concepts

Land consolidation =

Land reallocation

+ |Infrastructure

O The problem: “How to optimally rearrange the
existing land tenure structure in a certain rural area so
as to fulfill the aims of a particular land consolidation

project?”

O It is the most important and complex process of land

consolidation

>|Land redistribution|+ Land partitioning




1. Land consolidation concepts

Land redistribution

O Design problem : decision making

OWhich landowners will take property in the new plan and which
not!?

O What is the total area and value of the property which will receive
each landowner in the new plan!?

O How many parcels will receive each landowner in the new plan?
O What is the area and value of each new parcel?

O What is the approximate location of the new parcel(s) will take
each landowner?

O Evaluation problem

0 Once we have a set of alternative solutions which one is the best!?



2. LACONISS

LACONISS

LAnd CONsolidation

Integrated Support System for
planning and decision making



2. LACONISS

The operational framework of

LACONISS

LACONISS

(Land Consolidation Integrated
Support System for planning and
decision making)

LandFragmentS
(Land Fragmentation System)

Intelligence phase
Land Fragmentation module
(GIS+MADM)

LandParcelS
(Land Parcelling System)

LandSpaCES
(Land Spatial Consolidation Expert
System)
1
[ | |
Des_ign_ phf':lse | ) Choice phase |
Land redistribution design Land redistribution evaluation

module 1 module
(GIS+ES) (GIS+MADM)

Alternative land Best land

redistribution plans

redistribution plan

>

Design 11 & Choice 11
Land partitioning module |—
(GIS+ GAs+ MODM)

A

Final land
reallocation plan




3. LandSpaCES

The scope of the system

0 automate the process of land redistribution
O be used as a decision support tool

O structure the process in a systematic and
transparent way

O considerably diminish the time needed to
carry out the process

O be capable of evaluating a set of alternative
land redistributions



LandSpaCES integration tools

3. LandSpaCES




Expert systems (ES)

Knowledge-Base

Facts

User

Inference Engine

Expertise

Expert System

4. Desigh module

“IF this condition (or premise or antecedent) occurs

THEN some action (or results or conclusion, or
consequence) will or should occur”.



4. Desigh module

Interface

LandSpaCES: Design Module .

a Input Daka @ Input Facts | 525 Fun Land Distribution Maodel | @ Display Qukputs/Decsions E System Evaluation

K|

Before Land Consolidation

1, Input shapefiles Input
2. Input Database Tables
Input
After Land Consolidation
1. Input shapefiles Trnput
2. Input Database Tables
Input

Exit

Input Facts

1. What is the min parcel area limit {in sqm} for this land
consoliation area (a5 set by Legislation)?

2. What is the min property area limit {in sgm) for a
landowner to receive a parcel (as set by the
LCCommittee)?

3. What is the min property land value limit {in CYPounds)
for & landowner to receive a parcel (as set by the
LCCommittes)?

4. Define the small-medium-large holding's size (in sqm)
ranges

Small holding From

Mediurm holding Fram Tao

To
Greater than

Exit

Large holding

1. Define the weights for the FPI calculation

Select the weight
for the Yalue

Select the weight
for the Area

’Tj

2, Define the min area limit for the creation of a new
parcel for those landowners may receive more than one:

0.5

2000

Run the ES model

Exit.

Output Database Tables

1. Display the MewParcelsLS table Display
2. Display the NewOwnershiplS table Display
Oufput Map

1. Display in full extent the land distribution Display
map and label CwnerID/ParcellD

2. Display the atiribute table of the _
output map Dizplay

Exit

Calculate System Yalidation

parameters

Calculate Exit




4. Desigh module

Input data: GIS layers




4. Designh module

Inputs data: cadastral databases

LandOwners

Over_ 1D

Ciwner_Code
Cwaner_Mame
Tokal_Cld_Area_wned
Total_Cld_Malue_Cwned
Tokal_Mew_Area_Owned
Tokal_Mew_Yalue_Cwwned

OriginalParcelsOwnership

Ciwner Code

Parcel_Shest_Mumber
Parcel_ID
Share_Mumerator
Share_Denaminakar
only_Trees

NewParcelOwnership

Cner _ID
Owiner_Code

Parcel _ID
Share_Mumerator
Share_Denominator

OriginalParcels

Parcel ID
Parcel sheet Mumber
Parcel_frea
Farcel_value

NewParcels

Parcel_ID
Parcel_Area
Parcel_Malue



4. Desigh module

F1

F2
F3

F4
F5
F6
F7

F8
F9
F10

F11

Facts: decision variables

The minimum parcel area limit (in m?) for this land consolidation area as set by legislation

The minimum holding's size limit (in m?) for a landowner to receive a parcel in the new plan as set by the Committee

The minimum holding's land value limit (in CyP) for a landowner to receive a parcel in the new plan as set by the Committee
The lower limit (in m?) of a "small" holding size

The upper limit (in m?) of a "small" holding size

The lower limit (in m?) of a "medium" holding size

The upper limit (in m?) of a "medium” holding size

The lower limit (in mz) of a "large" holding size

The weight for parcel area for the calculation of the PPI (Parcel Priority Index)

The weight for parcel land value for the calculation of the PPI (Parcel Priority Index)

The minimum residual area limit (in m?) for the creation of a new parcel for those landowners may receive more than one
Note: the number in brackets represents the area in donums (1 donum=1338 m?)

O Parcel priority index (PPI) defines:

O the priority of a landowner-parcel pair in terms of
allocating a parcel in a certain location or not

O the location preferences for the landowner’s new
parcels



4. Desigh module

utP uts: G IS Iaye S & Attributes of ParcelsCentroids [= |(01)(X]
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Outputs: database tables

4. Desigh module

= Atributes.of Neybarcell s Bl Attributes of NewOwnershipl5 [T|[E|§|
| oD | ParcelID | Area | Value | X _Centroid | Y _Centroid | Block | PPI | & —
WO 1] 326723 535.49 14482816 33291518 8| 0324893 | oD | Parcel ID | Owner_ID | Share_H | Share D |~
1 2| B535.44| 92328 145424.05 35161065 19| 0.512619 3 I 1 1 1 1
[ 3] 8327 13776 144885 .97 353021 67 8| 0546201 1 7] 3 1 1
(e 4] 28408 #1547 145537 59 35289332 7| 0270247 | = 3 4 1 1
] 4 5| BE22T) 144612 145009 51 352743.21 12| 0550143 | 3 Y z 1 1
[ 6| 441135 7544 145201 49 353051 63 7| 055375 ™ B = = 1 r
B 7| TE41 75| 11073 144795 5 352601 23 10| 0.527578 — .
[ §| 5554.49)1171.08 14523575 351924.33 17 | 0.523973 . - b 12 ! !
NEE 9| 326723 51022 14545367 35199021 19 0316531 W 5 7 21 1 1
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| 1o 11| 9476834 112978 144553 63 353476 69 4| 053401 & 9 29 1 1
[T 12| 392087 | 10204 145613.08 352933 42 7| 0324035 i 10| Y 1 1
| 12 13| 522816 #16.38 145543.09 351967 .56 17 | 0.491632 | 10 11| 36 1 1
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— 13 14 4 1 1
£ * — :
14 13 42 1 1
Record:ﬂj 1 jﬂ Shaow: W Selected Records (0 out of 259 j N 15 16 | 45 1 1|
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System Vs Human experts

System performance based on nine validation criteria

Percentage

C9o 62.5
(D)
—_ cs 78.65
>
© c7 86.56
@)
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©
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O
o) c4 100
(0p)
e *
- c2 100
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[ [ [ [ [ [ [ [ [ [ |
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4. Desigh module

System Vs Human Experts

O A human expert needs about 30 working days to
prepare the case study’s land redistribution problem

O Study area: 200 hectares
O Number of parcels/shares: 480

O Number of landowners: 253

O LandSpaCES needs only 6 minutes



Evaluation module interface

andSpaCES: Evaluation Module g k|

a Alternatives @ Ctikeria | B Impack Table | E Yalue Functions Decision Tahle |

Ranking Alternatives A Sensitivity Analysis

Set alternative land redistribul x|

‘ X Impact Table |

Assigning weights to criteria

Chaoose rating method: sh I F Table Struck
; oW Impach 1able SCructure
Load &l alternatives | Select evaluation criteria € Direct rating (" Rating Importance i

Select alternatives for evaluation I Average size of parcels

[~ Alternative 1 ™ Alternative & I Dispersion of parcels Pre-calculations

|_ Alkernative 2 I_ Alternative 7 ™ Mumber of landowners received propetty

[ Alternative 3 I Alternative & I~ Mumber of owneships ‘complated Calculate Scores

1l

[ Alternative 4 I~ Alkernative 9 I~ Satisfaction of landowners' preferences

[~ alternative 5 I™ alkernative 10 I select all Calculate weights

LU

I™ select all Show Impact Table

Ok

oK Quit

Quit

analysis

x| Ranking Alternatives x|

Sensitivity analysis on the weights of the criteria

Show value functions
Calculake Decision Table Run 54 on the weights of the criteria Show ShcriteriaTable |
; % Calculate Ranking Table |
C1- Mean size of parcels
S e The Percent-Top critical criterion The Percent-any critical critarion
ow Decision Table j
C2 - Mean parcel concentration coefficient (PCC) | Show Ranking Table |

Sensitivity coefficients of criteria

Sensitivity analysis on the perfomance scores of the

3 - Change of the number of landowners |

4 - Percentage of ownerships ‘completed’ |

alternatives
5 - Mean landowners satisfaction rate (LSR) | Run 54 on the perfomance scores Show SAscoresTabls |
Calculate SCscoresTable | Show SCscoresTable |

5. Evaluation module

The mast critical alternative




5. Evaluation module

Multi-attribute decision methods (MADM)

| Setofoptions |

I Setof criteria |
[ Criteria scores | <!

Impact/effect table
Ar AZ A M

C1
cz
C3
C4

Decision iahle

A1 A2 A3
i
|

DM preferences | — |

o2
o3
4.

>

[ Decision rule ]

b

| Ranked options |

¥

[Sens.:.iti*-.rit'g.ur analysis |

| Final recommendation |

(Sharifi et al., 2004)




4. Desigh module

Set of alternative options

Alt-1

166, 491843

55, 751541
.

75, 2676
185, 2957 51 *

69, 33112
-

08.57

Alt-8

166, 4918.93

55 751541
.

75, 3266.74
185, 2476 8 °

185, 218118
*

69, 3788
*

620857

172, 2676
=

212, 2’;’;28 52

125, 6?1046

22 133’20 29

235, 2676
.

63, ?5.60 74

136, 39199
.

125,40 ¢28(¢
*

125, 3?65 54

172, 1338
.

2L, 1{087.9

Pacr 2'305 34

AR, 3938 95

136, 3266 74

136, 1338
.

145, 1338
o

1,5553.51
*

182, 2676
.

145, 267'.6E

1, 3011.54
0

182, 1338
*

120, 133¢
.

15

231, 3611.64

Alt-6

.166‘ 4918.93 125, 2890 86
.

72163362
22140879

55, 751541
.

.235‘ 230534

J5,262238
.185‘ 2957 51

235, 3938 95.68, 6657 08

182, 2613.59
B8, 33112 2

15

6208.57
145, 1959 95

231, 6690
.

Alt-10

166, G690
L]

22, 13220.29
55, 7313.41

75, 6690
185, 6690 *

235, 66490
.

182, 6690
69, 6690 *

136, 6690
-



5. Evaluation module

Set of evaluation criteria

* size of new parcels (Cl)

e parcel concentration coefficient-PCC (C2) New!
e number of landowners (C3)

* landowner satisfaction rate-LSR (C4) New!

e ownerships ‘completed’ (C)5)

PCC calculation If DoPb = DoPa then PCC =0
DoP, — DoP,
" . If DoPb > DoPa DoP,
\/Z (Xi _Xhmc)2 +Z (y| _yhmc)2 PCC = o
DoP =/ i=1
" DoP, — DoP,
If DoPb< DoPa DoP
PCC = - - 2
LSR calculation
100 - " PSR.
P= . LSRj =) —
m. =n-RO, +1 n—-n +1 iz N
- 100(n — RO, +1 L LSR,
Maxm, =n—-n +1 PSR;= ( +1) LSR = J

n-n +1 =



5. Evaluation module

Impact table

il B Attributes of ImpactTable -0 x|
OIlD Criteria Al-1 ARl-2 AR-3 Ahl-4 AR-5 AHR-6 AR-T Ah-8 AR-9 AR-10
k 0] Criterion-1 F24817 | 73745 740705 | T28283 | M17023 ) 63053.89 | 625504 | 595255 | 7242 .76 [9580.7636
1 [Criterion-2 0.33 0.33 0.33 0.33 0.25 022 023 014 0.33 042
2 |Criterion-3 210 206 2Mm 210 210 210 213 210 210 213
3 |Criterion-4 S5.1081 | B3.5135 | FO27T02 | 551081 | 581081 | 52,6923 | V69230 | 403846 | 55.1031 925
4 | Criterion-5 94 65| 94 7399 | 950299 94 65| 922200 ( 959499 | 95.0399 | 952399 | 94 8399 (91 030002
Record: ﬂjl 1 ﬂﬂ Shiow: I all || Selected | Records {af 5) Cipkion:




5. Evaluation module

Standardisation process:Value functions

a
4

Vi)

Vixi}

L]

M(xi)

C1: Mean percentage change of size of parcels b C2: Mean PCC
,000 1.0
900 —" ° 0.9 —
800-] — 0.8 ./
700 07 /
600 N 0.6 »
500 4 ; 0.54
400 0.4
300 0.3
200 0.2
100 4 0.1
0 T T T T T T T T T 0.0 T T T T T T T T T
00 01 02 03 04 05 08 07 08 09 10 0¢ 01 02 03 04 05 06 07 08 09 10
Mean percentage change of the size of parcels {x;) Mean PCC {x;}
C3: Percentage change of number of landowners d C4: Percentage of ownerships completed
1.0 ] . 1.0
0.9 0.9
0.8+ L4 0.8
0.7 - 0.7 1 4
0.6 N 0.6
0.5 » L g, 0.5+
0.4+ 0.4
0.3 0.3
0.2 0.24 L
.14 0.14
c.0 T T T T T T T 0.0 T T T T T
0 5 10 15 20 25 30 35 40 o] 10 20 30 40 50 60
Percentage change of the number of landowners (x;} Percentage of ownerships ‘completed’ (x;}
C5: Mean LSR
1.0
0.9
0.84
0.7
0.6 [ ]
0.5
0.4+
0.3 »
0.2 /
0.1 .
0.0 T .-/ ‘ ‘ ‘ T T

T
0 10 20 30 430 50 sk 70 80 90 100
Mean L8R (x;)



5. Evaluation module

Decision table

-0/ x|
olD Criteria Weights Alt-1 Alt-2 Alt-3 Alt-4 Alt-5 Alt-6 Alt-T Alt-8 Alt-9 Alt-10
K 0| Geterion-1 02| 0562358 | 0571311 | 0582322 | 0568376 | 0531934 | 0377535 | 0562646 | 0239356 | 0061341 | 0.734333
1 | Cherion-2 02| 0.675559 | 0675359 | 06755539 | 0675559 | 0633477 | 0566572 | 0579117 | 0.445149 | 0675359 | 0.745327
2 |Criterion-3 02| 0.921314 | 0962264 | 0974635 | 0921314 | 09215314 | 0821514 | 0674004 | 0921314 | 0.921:314 | 0374004
3 |Criterion-4 02| 0992752 1| 053452 | 0992752 | 0992732 | 0904334 | 0945962 | 0709936 | 09927582 | 0.832466
4 |Criterion-3 02| 0853363 ( 0856905 | 08992999 | 0858365 | 0834636 | 0912433 | 0913403 | 0.897421 | 0.889006 | 0.8114N

ot o 1 o

Shiow: W Selected |

Records (of 5)

Opkions - |




5. Evaluation module

Assign weights to criteria: Qualitative rating
method

Rank order Scale of importance Score Classes
1 Extremely high 100
2 Very high 80 Upper
3 High 60
4 Intermediate 40 Middle
5 Moderate 30
6 Low 20 Lower
7 Very low 10
Criterion | Scale of importance Score Weight
C1 Extremely high 100 0.294 N
C2 Very high 80 0.235 Z Wi — 1
C3 High 60 0.176 =1
C4 Intermediate 40 0.118
C5 Moderate 30 0.090
C6 Low 20 0.059
Cc7 Very low 10 0.029
340 1.000




5. Evaluation module

Value function approach

V, is the overall value i.e. performance score of
the jt alternative (j =1 to M)

V; is the standardised value of the score @ in the
the j* alternative with respect to the i*" criterion
(i =1 to N) measured by utilising an appropriate
value function

WV, is the weight for criterion i



5. Evaluation module

Ranking alternative solutions

Alternatives
Al A2 A3 A4 A5 A6 A7 A8 A9 Al0

.
- O\

s // \\

° [/ \ AN
s 6 \\ /\
T ~. /
X o9 >~/




Sensitivity analysis

Triantaphyllou, 1997

.
ibutes of SAcriteriaTable
e SA of weight
O el S 0ID Alt(j) C1 C2 C3 C4 C5

Alt{i)
23 3 10| -89.82 [-23256 [ 11111 [ 8113 1111111
1 24 4 S 110111 [ 11011 11111 11110
o ! - ! 25 4 611111 111111 [ 11111 [11111 [-1132.84
D = mln 8 .. SenS(C ) _ 6 4 71 111911 [ 11011 [11111 | 1006 .44
k 1<i<i<M k,l,j k ! T 4 & 11111 111111 [ 11111 [11111 |-5000.06
sIK) s D 25 4 a[35791 111111 [ 11111 [11111 |-55.7429
k 2 4 10| -47.27 [-132.46 | 11111 | 43.91 |94 94031
a0 5 & 11111 111111 [ 11111 [11111 |-260.983
Ell s 7L 11 [ 11111 (11111 |-246.618
32 3 &) 11111 111111 [ 11111 [11111 |-963.893
[ ] SA Of er'fo rmance 33 5 A [T | A0 (1111 1111111
q) 34 s 1018514 |33.5271 | -78.93 |-18.71 |-129.335
Sy 35 3 7|-3219 (381845 | 1040 | 8363 111111
S & g 11 111111 [ 11111 11111 111111
i scores 37 6 al 1111 111111 [ 11111 [11111 [1286.72
38 3 1077228 111111 | 6127 |-321.3|-230.733
U a8 ki 8 1111 111111 [ 1067 11111 [1111111
40 7 al 1 111 [ 11 11111 1127 33
O 41 7 10(73.065 [ 111111 [ 11111 |-201 5|-220.439
(Pi — Pk) 100 42 5 a1 111111 [ 11111 [11111 |-5357 47
R — X 43 5 10] 11111 111111 | 1869, 11111 [-738.621
E W 44 9 10| -44.45 12884 | 11111 | 4275 |35 41488
k a |J Record:ﬂﬂl 28 jﬂ Show: W Sielected |
c =B
O oD | Ali) Alt(j) [ c2 c3 ca (3 -
3 0 1 2 -10.718635 -5.651943 -G.543542 -4 §55953 -3.446717
s 1 1 3 -12.553529 -10.652669 -7.5479353 -5.527646 -6.532559 =10l x|
H 2 1 4 -1.034141 -0.596956 -0.631314 -0 465735 -0.525503 OID | Ali) c1 AR-C1 c2 AR-C2 Cc3 Alt-C3 [ ] Al-C4 c5 AR-C5
m a3 1 5 21 2TR09T 17 63033 12985449 9 644844 10811534 3 0 1 0613366 i 0.512406 9| 0377495 9| 0280316 9| 0314225 i
4 1 6| 66362081 54000604 | 40512154 | 30083145 | 33722158 1 2| 2A0%17 3| 1790727 3| 1.249269 5] 0961701 3| 1084 E
2 3| 20636 AR 2| 123302 2| Dareszs 2| 1076034 2
3 5 1 7| 65508927 54283643 39991328 296095395 33.298625 = YR S T o naemiE T orEEaTg e 5
5 1 g 111111 111111 95.013228 70554055 | 79.035638 4 5| 6793685 10 smar 10 4.0684 10| 3021818 10| 3594175 10
oy T 1 9 -0.618366 -0.512406 -0.377495 -0.2830316 -0.314225 5 [ 12712 7| D.E4EEE] 7| 0520826 7| 0424285 7| 0420807 7
CG g 1 10 14 610104 12106587 £.019049 5623026 7424181 g 7| 1323483 B| 0828758 B 0543137 6| 0405892 B 041344 g
7 8| 193407422 6| 112823042 6| s4501075 6| 56.59338 6| 44771422 5
= s ! 10:5o0eS Sioolads Sl 4823683 23835 & 3| n#EI0E 4| Dases3 4| nosama 4| 0188473 4| D048 4
> 10 2 3 -2103417 -1.7oreT -1.249269 -0AE1T0T | -1.08433 a 10| 4860975 5| &03135 5| 429061 5] 3603750 5| a6ame08 5
11 2 4 95352773 §.025007 a2.661739 4355471 4.914233
I I I 12 ] 5 31493497 26512273 16704725 14339113 | 16235187 Rmﬂ*ﬂ j| 1 jﬂ Show: [[Al- SE'Ettedl Records {of 10} Options |
13 2 5] 798731356 53.672347 45 06255 34 659596 39.1133089
14 2 T 79033368 53.169556 44 56405 345035937 36.650391
= 15 2 g 1111111 1111111 97285897 74 BESE9E 54.415432 LI
LO Record:ﬂjl 1 jﬂ Show: W Selected I Records {of 90} j




5. Evaluation module

Case study: 10 alternatives

Alternative Description

Al

A2

A3

Ad

A5

A6

A7

A8

A9

Al10

Experts solution (Irrigated project)

Medium area and land value minimum limits
High area and land value minimum limits
Unequal PPI weights for area and land value
Low small-medium-large holdings sizes

High minimum area of new parcels with high area and land value minimum limits

Low minimum area of new parcels with high area and land value minimum limits

Low area and land value minimum limits with low small-medium-large holdings sizes

Inverse unequal PPI weights for area and land value (comparing to alt-4)

Arid project




Ranking alternative solutions

Alt-1  Alt-2  Alt-3  Alt-4 Alt-5 Alt-6 Alt-7 Alt-8 Alt-9 Alt-10

—e— Scenario-1
—=— Scenario-2
Scenario-3

—»<— Scenario-4

Alt- |1 =Experts solution



5. Evaluation module

Conclusions

O LandSpaCES is a powerful planning tool for land
consolidation

O High system performance of the Design module

O Integration of GIS with ES is still valuable for solving
complex spatial planning problems

O Evaluation module provides a comprehensive and flexible
evaluation of alternative land redistribution plans

O Value functions is an excellent manner to incorporate
experts knowledge in the evaluation process

O Potential applicability to other countries



Many thanks for your attention
and patience!
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