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Abstract 

The successful implementation of a Development Plan depends heavily on the ability of the 
implementing agency to understand the contents of the plan and the availability of adequate 
infrastructure for its execution. Lack of skilled staff, limited understanding of the 
development plan content and unavailability of executable procedures are among the issues 
and problems faced by the implementing agencies. The study has developed a Land Use 
Monitoring System (LUMS) with the capability of providing explicit and systematic 
explanation on the current status of the implementation of a Development Plan, using a GIS 
approach. The system consist of two modules namely the Achievement Analysis Module and 
the Compliance Analysis Module. Through the achievement module, the status of the 
development plan is monitored by comparing each land use class against the proposed land 
use in the same land parcel for a projected year. Whilst through the compliance analysis 
module, comparison of current land use to the proposed land use was presented in a 
compliance matrix where the information on size (area) and links to the location of the land 
use parcels are made available.  In addition, the system’s architecture is developed using 
web-based features to provide a simple and user friendly interface design to the user. 
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INTRODUCTION 

The successful implementation of a Development Plan depends heavily on the ability of the 
implementing agency to understand the contents of the plan and the availability of adequate 
infrastructure for its execution.  Lack of skilled staff, limited understanding of the 
development plan’s contents and unavailability of executable procedures are among the 
issues and problems faced by the implementing agencies. 

The study has developed a Land Use Monitoring System (LUMS) with the capability of 
providing explicit and systematic explanation on the current status of the implementation of a 
Development Plan, using a GIS approach. The system emphasizes on spatial data, location 
and land use activities of proposed development involving physical planning. It allows for 
inspection of whether land use development in a particular locality complies with the 
suggestions in the development plans, for instance, the zoning strategies in the district and 
local plan (RT) through comparison of current land use status with the gazetted plan.  
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LAND USE MONITORING AND CHANGE DETECTION  

Land use monitoring is among others a critical necessity in development plans 
implementation in order to detect at the earliest stage or prevent altogether land use conflicts 
which could pose negative impacts to the public at large. Detecting changes is an important 
process in monitoring and land use management as well as urban development as it provides 
the quantitative analysis for spatial land distribution. Changes detection also plays a major 
role in supporting the application of land use change analysis, monitoring change of 
vegetation yield, assessment of diminishing forest areas, geohazard assessment, thermal 
characteristics analysis and appraisal of other environmental changes (Congalton, 1998). Four 
main aspects of detecting changes are identified as follows;  

i. detection of a change when it occurs. 
ii. identification of the form of change.  
iii. calculation of the area involved.  
iv. evaluation of the spatial changes. 

Apparently, the task of monitoring and reviewing plan progress necessarily involves the 
assembly and integration of geographic information. The main reason for the integration of 
GIS in land use monitoring is to accommodate the requirement for user visualization whereby 
the application of mapping for displaying the objects being monitored through the 
exploitation of GIS will be an added value to a monitoring system. The incorporation of GIS 
as a component of the development plan monitoring system is also significant as spatial 
information concerning planning and development needs to be organized and updated 
frequently. Larsen (2001) indicated that the ability of GIS to display important parameters in 
real or specific time will help in comparing the best measurement of base data for the purpose 
of further discussions. As such, the data and information gathered on the changes within a 
particular period, can be compared to the targeted data or objectives from time to time. The 
data and information on land use changes base on certain time frame can also be  compared 
in term of projected land use size base on planning schedule. In this way, the trend and 
pattern of land use change as well as land use conflicts can be monitored periodically. 
Therefore, assessment of whether the changes adhere to the planned land use pattern or vice 
versa is made possible.  
 

BASIS FOR SYSTEM DESIGN 

There are various forms of monitoring system and mostly involved automatic process and 
pre-processing of gathered data and information which is normally hidden from the 
knowledge of users. The monitoring method itself varies relative to the type and requirement 
of the system developed. According to Larsen (2001), among the factors that need to be 
considered in the design of a monitoring system include;  

i.  accepting the real-time delay factor as compared to manual procedures.  
ii.  the need to control the quality of data starting from raw data acquisition through 

procedures for quality and quantity assurance (QA/QC).  
iii. usually there are differences between the manual and automatic procedure in the 

overall data collecting system.  

Also, several factors concerning land use data updating especially in terms of the updating 
frequency and time gap needs to be clarified. The updating process will need to be carried out 
on a periodic basis following a standard procedure guideline to ensure that results are of high 
quality, accurate and reliable. 
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The District Local Plan (RT) Monitoring Model 

The Local District Plan (RT) monitoring system is designed to detect and record land use 
change within a certain period or time frame (Figure 1). This model needs to be supported by 
a periodically updated land use data to be assessed by the system. Current land use data will 
be compared to the gazetted land use in term of the size allocated and compliance according 
to the Level 1 land use class.  
 

 

Figure 1: The current land use monitoring concept  
 

To accommodate future land demand, the local plan (RT) provides a projection for land use 
expected to be required  by the study area base on size and projected duration. When the 
duration had passed, the current land use achievement will be compared in term of size as to 
the RT proposed land use allocation so that the accomplishment and progress of the RT 
implementation can be evaluated. The land use changes that occur through time can also be 
assessed by comparing the desired land use development to the one determined to be 
achieved by a specific year or certain period in the future. A development is considered as not 
adhering to or conflicting the allocated land use development guidelines when a development 
contradicts the type of land use as determined in the development plan.  
 

METHOD OF ASSESSMENT  

Using the GIS analysis function, each cell which store information on size and the number of 
parcels associated with the monitored land use class can be accessed. As such, the status of 
compliance for each parcel can be ascertained and linked to the guidelines provided for 
further clarification. Base on the gathered information, user will be able to take appropriate 
actions such as enforcement or early measures to curb the negative impacts to arise  due to 
land use conflicts. 

For the compliance analysis, comparison of current to the proposed land use is presented in 
the form of a compliance matrix where the information on size (area) and links to the location 
of the land use parcels are made available. Whilst through the achievement analysis, the 
status of the development plan is derived by comparing each land use class against the 



� � �

proposed land use of the same locality (parcel) for a projected year. The achievement 
indicator will be the percentage and size of land use developed as opposed to that allocated in 
the plan. Based on temporal assessment, the trend of achievement can be derived and 
presented in the form of an achievement matrix. 

The compliance analysis technique applies a dynamic model which emphasizes the ability to 
observe and monitor the urban system (Batty, 1976). Through the temporal element, the 
characteristics and land use change pattern can be detected base on comparison of two time 
period. Therefore, the land use compliance analysis technique can be pictured through the use 
of a geographic data matrix table. The geographic data can be separated into two forms of 
table which are the spatial structure data matrix and spatial interaction data matrix 
(Malczewski, 1999). Through the use of the structure matrix, the land use achievement and 
size change report can be presented and analysed by incorporating land use class to represent 
geographic entity while the attribute is represented by year or monitoring period as well as 
land use change (size). Whereas the interaction matrix can be used to illustrate current land 
use compliance analysis within a monitoring period through comparison with the proposed 
land use as laid out in the development plan. Through this technique, current land use conflict 
or non-compliance can be easily displayed and projected using the GIS mapping function. 

The analysis result will then be evaluated using the error matrix and Kappa index. The overall 
conclusion on land use compliance is presented in percentage value. The Kappa index is used 
to identify to what degree of land use compliance which occur as to the repetition of 
conformity or similarity between the current land use class and proposed land use which 
occur. The index is represented by the value between 1 (one) which means the accuracy is 
high, and 0 (zero) which indicates zero accuracy. The performance accuracy will determine 
the degree of achievement of the current as compared to the proposed land use. While target 
accuracy determines the possibility in which the proposed land use can be achieved.   
 

The Compliance Assessment Model  

The compliance analysis method can be described through the use of the geographic 
interaction data matrix as shown in Table 1 where the rows represent the current land use 
while the columns represent the RT proposed land use. Both the current and proposed land 
use will comprise the same number of classes and types of land use.  
 

Table 1: The land use compliance matrix 

 Proposed Land Use T n RT Area (K n)  
Land Use 

Type G1 G2 G3 
……. Gn Sp 
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G2 G21 G22 G23 � G2n G2p 
G3 G31 G32 G33 � G3n G3p 

...
..    �   

Gn Gn1 Gn2 Gn3  Gnn Gnp C
ur

re
nt

 L
an

d 
us

e 
T

n 
R

T
 A

re
a 

(K
n
) 

Ss G1s G2s G3s � Gns SGsp 

P
erform

ance A
ccuracy (p) 

 Target Accuracy (s)  

 Indicator :  

   Comply  Conflict  



� � �

 
Based on the matrix, the cells represented by G

11
, G
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indicate that the land 

use class comply or adhere to the proposed RT land use while all other cells including G
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and G
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 are regarded as conflicting the RT. 

 

The Achievement Assessment Model  

Base on the understanding of the geographic data structure, the method for achievement 
assessment is proposed as in Table 2.  The main or level 1 classes such as housing, industry, 
agriculture and others are used in comparing land use of a selected area with land use class of 
the same area for the same, previous and proposed (projected) years. Information on the land 
use being assessed which is compared to that of the previous year/s including the increase or 
decrease in term of size will be evaluated to determine the current development achievement 
status. Evaluation will include among others: i) the change in land use size whether it 
complies with the proposed plan or otherwise; ii) to what extent does the land use change 
adhere to the proposed land use class; and iii) how much development is further needed to 
achieve the targeted size as has been projected.  
 

Table 2: The RT land use achievement assessment model 

RT Land Use Area (Kn) 
(a) 

Percentage of 
Change (%) 
((d-c)/ SSSSc)100 

(b) 
Size of 
Change 

(d-c) 

(c) 
Previous 
Land Use 

 

(d) 
Current 

Land Use 
 

(e) 
Proposed 

RT Land Use 
 

(f) 
Size of 
Change 

(e-d) 

(g) 
Percentage of 
Change (%) 
((e-d)/SSSSe)100 

+/- GS1-GB1 GB1 GS1 GC1 GC1-GS1 +/- 

+/- GS2-GB2 GB2 GS2 GC2 GC2-GS2 +/- 

+/- GS3-GB3 GB3 GS3 GC3 GC3-GS3 +/- 

+/- GSn-GBn GBn GSn GCn GCn-GSn +/- 

S%(d-c) S(d-c) Sc Sd Se S(e-d) S%(e-d) 

 

The analysis technique had combined spatial data and attributes of the current land use with 
the size of land use in the projected land use table for the particular area being assessed. The 
achievement analysis can be carried out by specific area within the Local Plan (RT), Planning 
Blocks and Small Planning Blocks.  

The SQL statement below indicates that the assessed area has achieved the targeted size of 
the land use as proposed in the RT; 

GCn – GSn = 0   

Whereas the performance of land use development is considered as failed to reach the target 
when  the SQL statement is as below;  

GCn – GSn = +/-   

where;  

GC = Proposed land use class in RT  
GS = Current land use class 
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The indicators used to demonstrate status of achievement base on land use class are 
‘successful’ and ‘fail’ in term of target achievement. Referring to the table, positive value for 
GCn–GSn indicates that the achievement of the land use development is beyond the target. 

If the trend of land use change for the period being monitored complies with the RT 
suggestions, it can be concluded that the progress of land use development and RT 
implementation is in the right track to achieve the objectives of the RT land use projection. 
Otherwise, if the current land use size falls below the expected value as in the RT, this means 
the projected target has failed to be achieved. Therefore, appropriate measures and review 
need to be undertaken regarding the proposed RT implementation so that the land use 
development in the area is in line with public interest or more importantly directed toward the 
RT target itself.  
 

SYSTEM USER INTERFACE AND ANALYSIS RESULT OVERVIEW   

The system’s architecture is designed base on the wide application system model using web-
based features to provide a simple and user friendly interface design to the user.  The system 
is developed on the Windows platform and the internet web server (IIS) service manages all 
system input and output (ESRI, 2005). While a GIS web server processes the spatial data 
requested by the monitoring application server. The system consists of two modules namely 
the Achievement Analysis Module and the Compliance Analysis Module. 

GIS data and information updated periodically by technical officers using the ArcGIS ArcInfo 
software are stored in the GIS database, while aspatial or system data are stored in a separate 
database. All the data is integrated with the monitoring analysis model through system 
customisation and the user interface.  

User will access and select the preferred monitoring module which will execute the model to 
perform the analysis. The model will communicate with the integrated GIS data for 
generation of reports in the form of the achievement analysis table and compliance to RT 
land use matrix.  
�

The Achievement Analysis Module  

The achievement analysis module 
enables user to interact with the system 
through a simplified user interface. User 
will first select the preferred monitoring 
period and area to be assessed, which is 
either the whole RT area, particular 
planning block of small planning block. 
The system will then display the 
location map of the selected area 
together with the achievement report in 
the form of achievement table 
comparing the land use with previous 
and projected year base on the period 
and area selected.   
 

Figure 2: Achievement Analysis 
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The Compliance Analysis Module  

The compliance analysis module is 
accessed first through the function 
provided for selecting the period or 
year and area to be monitored 
(Figure 3). The system will display 
the location map and data and 
information regarding previous, 
current and succeeding land use of 
the related land parcels. The land 
parcels data and information are also 
linked to the  relevant development 
guidelines. The system will then 
generate the compliance analysis 
report in the form of compliance 
matrix. The report contain the result 
of the selected area land use 
compliance to the RT proposed land 
use together with accuracy analysis 
report in the form of Kappa index.  
 

CONCLUSION 

The automated land use matrix monitoring system was developed base on the crucial need for 
assessment of the progress and effectiveness, as well as, review of development programs 
and policies. The proposed monitoring framework had considered the issues of coordination, 
institutional responsibilities and linkages, indicators and time frame in establishing the  
mechanism for measuring performance against targets in the development of local plans. 
Through the development of the automated matrix land use monitoring system, 
comprehensive implementation and monitoring activities can be consistently performed. At 
every level, the RT implementation progress can be constantly reported each time the land 
use data and information is updated by user. Thus, the user or planner will retain more time 
for planning, reviewing or setting strategies so that each proposal in the RT could be 
effectively implemented base on the progress reports generated by the monitoring system. 
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