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1. Introduction 

The Planning Department (PlanD) of the Government of Hong Kong Special Administrative 
Region (HKSAR) has carried out a study to update the Territorial Development Strategy (TDS) 
entitled "Hong Kong 2030: Planning Vision and Strategy"( "HK 2030 Study"). The HK 2030 
Study aims at responding adequately and in good time to future demands for housing, 
employment, government and other facilities. It aims to produce a development strategy 
constituting broad, long-term landuse - transport - environmental planning framework for the 
next 30 years. 

One of the planning objectives of the HK 2030 Study is to strengthen Hong Kong 's links with 
the Mainland. Economically, Hong Kong and the Pearl River Delta (PRD) region are one 
single entity. In the HK 2030 Study, the wider regional perspective in terms of Hong Kong 's 
role and functions with other cities in the PRD region will be studied. 

To ensure that the planning framework of HK 2030 Study takes into account recent economic 
development in the PRD region, it is necessary to produce an up-to-date plan of the PRD 
region and to bring together updated information on recent urban growth and development in 
the PRD region. More importantly, for the sustainable operations in undertaking broad 
landuse pattern studies over the entire PRD region, it is desirable to obtain the ability to 
update the plan within the constraints of available resources and given time frame. To 
achieve this, our general approach is based on adding value to the HK2030 Study and 
contributing actively to the overall study process, such that relevant landuse considerations 
are pervasive in the generation of scenarios, and ultimately, a preferred planning strategy. 

The study is focussed on the updating of information within the land usage table and land 
utilisation plan for the Pearl River Delta (PRD) Region (refer to Appendix A). In addition to this, 
an emphasis has been placed on the sustainable operation of future landuse updating 
applications. That is to say, any proposed system must be easy to operate, consistent in 
terms of its operation and workable well into the foreseeable future. Within the context of 
these objectives, and the requirements of the brief, the following seven main activities have 
been identified: 

1. To review the previous studies of broad landuse pattern of the PRD region and 
related areas; 

2. To recommend the landuse classification scheme that is suitable for the PRD region 
and available technology and data;  

3. To recommend technical solution options to produce a Land Usage Table (LUT) and 
Land Utilisation Plan (LUP);  

4. To define system specifications for the establishment of hardware, software and other 
equipment within the PlanD;  

5. To produce the Land Usage Table and Land Utilisation Plan;  
6. To derive a methodology to detect landuse changes and update the Land Usage 

Table and Land Utilization Plan; and  
7. To provide appropriate training for the PlanD staff, in relation to the recommended 

updating exercises. 

 

 

 

 

 



2. Review of Previous Studies on Landuse in the Pearl River Delta and 
Related Areas 

Three studies on land use and socio-economic development in the Pearl River Delta and 
broad land use categories in Hong Kong that PlanD previously commissioned have been 
reviewed. We have also reviewed two large-scale national land use surveys conducted by the 
central government of China in the 1980s and 1990s, a number of planning studies carried 
out by the Provincial Government of Guangdong and by individual municipalities in the Delta, 
and also two major academic works on land use change in the Delta. Moreover we have 
made reference to a number of studies on a variety of development issues such as population 
migration, environmental issues resulting from changes in the dyke-pond system, and 
urbanization in the Delta and in Guangdong Province as a whole. The studies on the Pearl 
River Delta, in particular, have shown that rapid land use changes have taken place during 
the 1990s. Large tracts of highly productive farmlands have been converted to construction 
sites and to a lesser extent also to fishponds. 

Clearly, different studies have employed different landuse classification schemes, depending 
on their main purpose and on the kind of data available. The two national land use surveys, 
which have made use of remote sensing data as well as detailed fieldworks, and which have 
taken many years to complete, have adopted a highly elaborate classification system. Highly 
refined categories of agricultural and pasturelands were identified. This is reflective of the 
importance of agriculture and animal husbandry in the Chinese economy and society. Studies 
based on remote sensing data alone tend to adopt much coarser classifications. A seven- to 
eight- category classification scheme appears to be the norm. Reflecting the highly rapid 
urban growth in the Delta, in the Study on Sustainable Development for the 21st Century 
commissioned by PlanD and also in Yeh and X Li 's (1999)1study on land use change in 
Dongguan, land under construction (construction site) was identified as a major land use 
category. A similar category was included in the PlanD 's Study of Development Trends in 
Guangdong, although in this study land under construction was combined with quarries. In 
addition there were the categories "upland and unspecified " and "floating settlement" which 
may also include a few construction sites. For an analysis of the broad pattern of urban 
growth the rather coarse land use categories employed in these remote-sensing data based 
studies should be sufficient. However, if we want to have a more detailed picture not only of 
urban expansion but also of landuse differentiation within and beyond urban areas, and of 
environmental sensitivities in different parts of the region, then a somewhat more refined land 
use classification scheme, probably a two-digit hierarchical one modelled after the scheme 
proposed in the PlanD 's study on broad land use pattern in Hong Kong should be adopted. 

 

 

 

 

 

 

 

 

 



3. Landuse Classification 

Based on the review of previous studies and current operational environment, a landuse 
classification scheme is proposed. The major considerations in proposing this scheme include 
the purpose of the classification, mapping scale, source of data, technological approach in 
producing the landuse plan, size of the study area and compatibility with previous work and 
national landuse standards. The proposed classification scheme was further tested and 
refined by separability tests in image processing to ensure certain landuse classes were 
practically separable in the auto-classification process. As a result, a two-level classification 
system with 7 Level 1 classes and 17 Level 2 classes was proposed for the production of LUT 
and LUP. Table 1 below outlines the classification scheme: 

Table 1. Proposed landuse classification scheme. 

1st level classes 2nd level classes 
I - Agriculture I1 - Irrigated cropland (Primarily paddy fields) 

I2 - Dry farmland (Farmlands, nurseries and vegetable gardens) 
II - Gardens II1 - Orchards and plantations (Horticulture and floriculture) 

II2 - Dyke ponds (Repeat pattern of fishponds and cultivated 
dykes) 

III - Woodlands III1 - Forest (Dense tree covers) 
III2 - Sparse woodlands (Sparse forest [< 30% cover] and shrubs)

IV - Grasslands IV - Dry grassland (Land covered by grasses or low shrubs) 
V - Waters V1 - Water body (Rivers, canals, lakes and reservoirs) 

V2 - Mudflats (Tidal zones along the coast and river beds) 
V3 - Fishponds/Gei wais (Water bodies for commercial fish 
farming) 
V4 - Mangroves/swamps (Wetland including swamps and 
mangroves) 

VI - Built up VI1 - Built-up areas (Urban and industrial) 
VI2 - Construction/bare ground (Areas under construction or bare 
ground) 

VIII - Transportation VIII1 - Railways (Railway and associated features) 
VIII2 - Highways and roads (Highway and road network) 
VIII3 - Ports (Major sea or river ports) 
VIII4 - Airports (Civilian airports)  

 
The proposed classification scheme may have numerous implications to the PlanD 
environment and operations. It appears that the most critical aspect is the updating of staff 's 
knowledge and skills in dealing with the processing of digital images, although the possible 
upgrading of hardware and software should also be addressed. 

 

 

 

 

 

 



4.Technical Solution 

Given the consideration of mapping scale and availability of spatial attribute data, the 
methodology for the production of LUT and LUP will focus on utilisation of space-borne 
remote sensing technology. The details of all stages of the proposed image classification 
methodology were reviewed including image pre-processing (e.g. acquisition of ground 
control points and geo-referencing, radiometric correction, image mosaicking, etc.), data 
analysis, image interpretation, classification techniques and presentation of results. 

It is important to understand that using remotely sensed imagery to derive landuse 
information has certain limitations. For example, the resolution of the satellite sensor limits the 
visible detail of the landuse and hence the accuracy of any subsequent interpretations. So it is 
essential to define the scale, and the corresponding level of detail, of the land use plan. This 
should be based on the inherent properties of available remotely sensed data, primarily the 
spatial and spectral resolution. 

Due consideration should also be given to the amount of time required to prepare satellite 
imagery (i.e. pre-processing). Prior to being able to use an image in a landuse classification 
exercise one must first make fundamental corrections to the image data. The level of 
corrections differs for each satellite sensor but will generally involve sensor calibration for 
radiometric correction (sun angles, earth-sun distances and atmospheric scattering effects), 
geometric corrections and geo-referencing to a known coordinate system. 

Another important key issue is the ability of updating in the future operations, which will ideally 
be undertaken by PlanD 's own staff with hopefully the minimum impact to the current daily 
operational workload.  The technical solution to be proposed therefore should present a 
simple and straightforward approach with minimal demand on staff skills and experience. 

Based on these technological considerations, the key elements of the proposed methodology 
are: 

• The use of multispectral Landsat ETM images as the primary data source; 
• The use of image classification as the core of data processing;  
• The integration of various sources of information with GIS;  
• Employing raster data model for data processing and integration, and  
• Maximise simplification of operational and updating procedures and leave demanding 

image pre-processing tasks to the value-added service of the data supplier.  

Table 2. Comparison Among the Three Technical Solution Options 

Options One Two Three* 
Basic features Auto-classification 

leaving image pre-
processing to data 
supplier 

Auto-classification 
and undertaking 
image pre-
processing by PlanD 
staff 

Visual interpretation 
of images 

Estimate of 
Implementation time 

5 weeks 9 weeks 26 weeks 

Estimated Staff 
resources (staff 
number) 

1 man month (1) 2 man months (1) 12 man months (3) 

Technical 
constraints 

Image classification 
results may be 
influenced by the 
selection of Region of 
Interest (ROIs), which 
need experience and 

All constraints in 
Option One. It may 
be difficult to collect 
Ground Control Point 
(GCPs) for geometric 
correction. 

Staff experience and 
skills are critical for 
successful 
interpretation. More 
human and computer 
resources will be 



practical skills from 
the operational staff. 
The post-
classification 
processing could be 
overdone making 
substantial errors in 
the results. Some 
landuse classes may 
not be distinguishable 
from others. 

Substantial 
experience and skills 
are needed for staff 
undertaking the geo-
coding of remote 
sensing images. 

needed (i.e. more 
workstations). 

Operational 
constraints 

Data collection for 
accuracy assessment 
may present some 
difficulties to staff 
who lacks fieldwork 
experience in the 
PRD region. 

All constraints in 
Option One. PlanD 
will be  overburdened
with increasing 
workload and needs 
to maintain more 
advanced systems. 
Time required for 
updating will also be 
longer. 

This option requires 
all staff involved 
going to the field to 
establish 
interpretation keys 
and get familiar with 
the region. Extensive 
training is also 
needed for all staff to 
gain sufficient skills. 

* Assuming image pre-processing is not undertaken by the PlanD staff. 

Given the objectives of the study and current Mainland China' s policy on data distribution, 
three options were presented as most practical and can be implemented without significant 
technical and operational obstacles (Table 2). Among these we strongly recommend Option 
One since it is the most 'value-for-money' solution. Option One also represents the most cost 
effective solution if one considers the total cost of the project, although it might cost slightly 
higher in satellite data acquisition. 

The consultant also analysed limits of the technical options, these limits include: 

• Image resolution and map scale determine the level of details to be mapped. 
• Image classification techniques may produce classification errors for classes that 

present similar spectral signatures.  
• 'Confusing' landuse/cover classes cannot be separated using remotely sensed 

data because of their similar physical appearance, such as urban and industrial areas. 
• Rapid change of landuse patterns may create uncertainty in ground truthing.  
• Other operational limitations such as accessibility to detailed geographical 

information, accessibility to study sites, staff experience and workload, and timeframe 
of the study may also create significant constraints in later updating exercises.  

 

 

 

 

 

 

 



5. Recommendation on Hardware and Software  

For hardware operating environment, a two-tier client/server architecture was proposed within 
which to design the system to update the LUP and LUT of the PRD. We have outlined the 
main functional requirements that the system must have in order to satisfy the objectives of 
the study and proposed the software and hardware that is suitable to establish the system. 
The implications to the Strategic Planning section and PlanD as a whole have been discussed 
with particular emphasis on the additional workload that will be resulted from the deployment 
of the system. 

The system is a self-contained entity not reliant on any hardware and software outside of the 
system (i.e. elsewhere within PlanD). At its core it is built around server and workstation 
computers. The server is responsible for data storage and the associated data and system 
maintenance tasks. In addition to this, the server will be where system documentation and 
training materials are located. Client machines can then access the server to access this 
information regardless of their locations on the PlanD network. The workstation is where all 
computationally intensive analysis will take place (i.e. image processing and updating of LUT 
and LUP of the PRD region). The workstation will be connected to the server to download 
data, which will then be processed locally on the workstation machine. 

We have recommended the use of Microsoft Windows 2000 as the operating system to use 
on both computers within the system. The core software component is the image processing 
software that will be utilised to analyse satellite imagery and transfer the outputs to GIS. After 
an evaluation of five commercial image analysis applications we have found that ENVI 3.5 
meets all requirements and would be suitable for use in the proposed system. However, two 
other products namely, Erdas 8.5 and Geomatica 8.2 also meet all functional requirements, 
and as such could also be used. For GIS software, ArcView 3.2 with Spatial Analyst 
Extension is strongly recommended. 

After further study of PlanD's computer set up, the hardware and software recommendations 
have been revised as follows: 

• Τhe single machine configuration was selected primarily because the PlanD does not 
foresee the need for system expansion (i.e. addition of more workstations) at a later 
date. 

• Geomatics software was chosen for the image processing task because the PlanD 
have available software licenses and as such will not need to purchase any additional 
software licenses.  

 

 

 

 

 

 

 

 



6. Land Utilisation Plan and Land Usage Table  

To produce LUP and LUT for the study of broad landuse pattern in the PRD region, an 
innovative hierarchical image processing approach has been adopted to maximise the 
information extraction from Landsat ETM images. For landuse classes that are difficult to be 
directly extracted from images, we employed GIS data processing capabilities with the 
ancillary data acquired from various sources as well as through the image interpretation 
processes. Although the overall data processing procedure is quite complex and technically 
demanding, we believe that the methodology we have adopted is the most practical and 
produces adequate results. 

It has been argued that the auto-classification approach is probably the most practical method 
to produce LUP and LUT given available resources and limited time. It is also pointed out that 
the approach does have limitations in separating classes that present similar spectral 
characteristics. Although careful selection of 'training data' (or seeds) may improve the 
classification results, the limitation of classifiers cannot be ignored. If the whole study area is 
taken into account, it is common that only about 10 classes can be reliably separated in the 
classification processes, as shown by the previous studies2. 

Visual interpretation, on the other hand, usually produces better classification results that are 
more compatible with traditional LUP. The disadvantage of this approach is the high demand 
on human resources and time if the production of LUP relies entirely on visual interpretation. 

We have therefore adopted an innovative methodology that integrates auto-classification, 
visual interpretation and GIS processing together, to maximise the usage of available data for 
the production of LUP and LUT, yet to minimise the impact on the demand on resource and 
time. The methodology can be outlined as below: 

• Hierarchical image classification methodology aiming to obtain the maximum number 
of land cover classes through auto-classification procedures, 

• Overlay landuse classes from ancillary data on the land cover classification map in 
GIS to add classes that cannot be reliably identified by auto-classification, and  

• Clean up classification errors using known information (e.g. clip large water bodies to 
remove confusing classes due to shallow water).  

The final image classification result is then input to GIS to integrate with other geographical 
information for the production of LUT and LUP. Both hardcopy and softcopy of LUP at 
1:150,000 map scale have been produced. For a reduced scale version of the LUP please 
refer to Appendix B and for the LUP to Appendix C. 

To make the methodology sustainable in future PlanD operations, considerations have been 
made in designing the methodology for adoption in later updating exercises: 

• Many of the complex and time-consuming tasks are once-only operations, such as 
interpretation and digitisation of waterways, ports and airports, railway and roads. 
Since there is sufficient ground to assume that these infrastructure landuse types will 
change less frequently, the future demands on re-digitising these features are low. 

• We have produced numerous ArcView scripts to simplify the GIS data processing 
procedures. A proper interface will be produced to incorporate these scripts with the 
ArcView menu items so that the future operations will become simpler.  

• Given the analysis on spectral separability we applied to the landuse/cover classes, 
the extensive processing tasks in justifying landuse classification scheme will not be 
required in future if the same type of remotely sensed data are to be used.  

• New landuse features can be added if they are specifically interested and data about 
them become available.  

For accuracy assessment, sample points were collected through ground survey and 
interpretation of airphotos and satellite images, where the landuse features can be clearly 



identified by photo and image interpretation. These sample points were randomly selected 
before any data processing tasks were undertaken to avoid bias from human operator. 
Human intervention, however, does apply to ensure the selected sample points will 
adequately cover all classes. An error matrix for accuracy assessment was then produced. 
For the final products of LUP, the overall accuracy of the classification is 87.6% with a kappa 
coefficient of 0.863, tested using 2745 samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7. Recommendation on Updating the Land Utilisation Plan and Land 
Usage Table 

The purpose of future updating of LUP and LUT for the PRD region is to detect landuse 
changes from time to time. Changes in landuse reflect the dynamic transformation of 
landscape in the PRD region. For the study on broad landuse pattern in the region, it is 
fundamental to gain capability for monitoring the landuse/cover change in a practical, efficient 
and cost-effective manner. 

Given the large study area to cover and constraints of data accessibility and available 
resources, it is recommended that the remote sensing and GIS technology form the core of 
further updating methodology. Based on the methodology and technical solutions as outlined 
in previous technical reports, we recommend that the data processing and auto-classification 
approach as adopted for this study be continued in future updating exercises. 

There are numerous technical approaches for landuse change detection using remote 
sensing technology (see Section 3.2). However, to simplify the updating operations and to 
minimise demand on human resource and operational costs (including time and money), we 
recommend adopting post-classification comparison methods, with the focus on built-up area 
expansion in the region. With this approach, the classification and production of LUP and LUT 
will be repeated for each updating interval and results will be compared to the LUP and LUT 
produced on previous date to detect significant change in landuse/cover. 

A two-level updating plan is recommended, namely, the annual standard updating and 
triennial major updating. In a general term, the annual updating only involves using existing 
GIS database (with minor changes) and methodology to repeat operations to produce LUP 
and LUT with new satellite image data, while the triennial updating involves re-visiting data 
sources and possible alternations in methodology. A number of abnormal cases and 
corresponding backup plans have also been investigated. 

Given the constraints of available resources, the consultant accepts that the above two-level 
updating plan may be undertaken in less frequent updating intervals, such as biannual 
standard updating and major updating for every four years. 

Technical details for updating using selected hardware and software are investigated to form 
the basis of the technical manual for further operation. The step-by-step procedure leading to 
the full production of LUP and LUT has also been established. 

 

 

 

 

 

 

 

 

 



8. The Training Program 

The key to successful future updating process is technology transfer. Given the constraints in 
human resource and project schedule, it is impossible to expect staff be trained to reach the 
professional level in remote sensing, nor is this necessary. Our approach is to package the 
technology into practical operational procedures, which are combined with a focused training 
program for staff to handle the operational tasks. A step-by-step on-line training system has 
been developed to guide PlanD staff through future updating exercises. With this approach 
we believe future annual updating can be independently undertaken by PlanD staff who has 
passed the training program planned in this study. 

The training program is composed of two training courses that are delivered at the end of the 
project. The first training course is focused on theory and background of the technology 
employed in this study. Principles of remote sensing and GIS will be introduced to participants 
during the one-day lecture. The course is designed for intended users who might be 
interested in the technology and potential applications so that it is open to broader audience. 
The second course is focused on technical details and step-by-step operations for updating 
LUP and LUT. With the help of tutor and on-line training/reference system, the participants 
will go through the three-day hands-on laboratory classes to practise the entire procedure that 
transforms the original satellite imagery to the final products of LUP and LUT. The course is 
designed for the operators of the system so that higher commitment is required from 
participating staff to complete the training course. 

The on-line training/reference system contains all self-instruction teaching/learning materials 
developed for the data updating procedures. The system is web-based and will be installed 
on the proposed hardware and software environment. Hardcopy manual is also produced for 
desktop reference. 

 

 

 

 

 

 

 

 

 

 

 

 

 



9. Deliverables 

9.1 Reports 
The study has produced following technical reports and related documents: 

1. Inception report. 
2. Technical Report No. 1: Recommendations on Classification of Landuse.  
3. Technical Report No. 2: Recommendations on Technical Solution Options.  
4. Technical Report No. 3: Recommendations on the Computer Hardware and Software.  
5. Technical Report No. 4: Methodology for the Production of the Land Usage Table and 

Land Utilisation Plan. 
6. Technical Report No. 5: Recommendations on Updating of the Land Usage Table 

and Land Utilisation Plan. 
7. Technical Note No. 1: Recommendations on Satellite Imagery to be Utilised for the 

Study.  
8. Technical Note No. 2: Computer Environment Specification.  
9. Technical Note No. 3: Land Utilisation Plan and Land Usage Table for the PRD 

Region.  
10. Technical Note No. 4: Technical Manual for Updating Operations.  
11. Final Report and Executive Summary.  

9.2 Maps, tables, database and on-line training materials 
The study has produced following products including maps, tables, database and on-line 
training materials in hardcopy or softcopy, or both. 

1. 1:150,000 Land Utilisation Plan of the Pearl River Delta Region (both hardcopy and 
softcopy).  

2. Land Usage Table of the Pearl River Delta Region (both hardcopy (included in 
Technical Note 3) and softcopy in MS Excel 2000 format).  

3. GIS database containing data layers as listed in Table 3.  
4. Rectified Landsat ETM image mosaics.  
5. Web-based on-line training materials.  

 Table 3. GIS Data Layers 

No. Name Feature Class Description 
1 Airports Point Positions and names of major airports 
2 Ports Point Positions and names of major sea or river 

ports 
3 Cities Point Names and positions of cities 
4 Towns Point Names and positions of major towns 
5 Samples Point Positions of 2002 ground survey sample 

points 
6 Railway Line Railways (current and under construction)
7 Highway Line Express highway 
8 Roads Line National and provincial highway 
9 Roads Minor Line Provincial roads 

10 Borders Line Admin boundaries and names 
11 Airport-area Polygon Airports 
12 Port-area Polygon Ports 
13 Admin Polygon Administration units (city boundaries) 
14 Sea-river Polygon Coastline and waterways 
15 Lup_2001 Grid 2002 Land Utilisation Plan 



 
Please note that data layers 1, 2, 3, 4 and 10 are required only for producing the hardcopy 
LUP (i.e. cartographic purposes) and they are not directly required for updating either the LUP 
or LUT. They are used purely for cartographic purposes. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



10. Conclusion

The PRD region covers a large area and encompasses numerous cities and large extent of
rural areas. The region has experienced rapid transformation from agriculture-dominant
economy to industrial/urban development resulting in dramatic landuse changes in the past
two decades. These present a challenge to produce up-to-date LUP and LUT so that the
rapid transformation can be tracked with limited resource and time.

The aim of this study is to ensure the practicability and sustainability of the proposed
methodology, not only for the present study, but also for future operations of PlanD. To
achieve this, our approach is to develop a methodology that is capable of integrating the
readily available satellite images and other geographical data sets and producing LUP and
LUT based on a consistent classification scheme that is also compatible with previous studies.

The key concept that our approach is based on is to maximise the usage of remote sensing
image processing and GIS technology while minimising the demand on staff workload and
training. Our approach is based around a successful transfer of technology, with the principal
aim of integrating the various technological components involved in the study into a
deliverable package that can be routinely operated by PlanD staff in the future. In line with
this philosophy, we have produced a self-instruction package that will allow PlanD staff
undertaking future updating exercises independently.

1 Yeh, A.G. and Li, X. 1999, Economic development and agricultural land loss in the Pearl
River Delta, China, Habitat International, Vol. 33, No. 3, pp. 373-90.

2 Refer to Shankland Cox, 1992: Study of Development Trends in Guangdong Province,
Planning Department, Hong Kong; and Environmental Resource Management, 1999: Study
on Sustainable Development for the 21st Century: Land Use of Pearl River Delta, Planning
Department, Hong Kong.



Appendix A : Pearl River Delta Map 

 



Appendix B : Land Utilization Plan 

 



Appendix C : Land Utilization Table 

City Name Dongguan Foshan Guangzhou Huizhou Jiangmen Shenzhen Zhaoqing Zhuhai Zhongshan Hongkong Macau Total 

Irrigated  
Farmland 171.6 302.8 689.2 1049.3 1792.9 172.2 379.0 129.4 116.2 0 1.4 4803.9 

Dry 
Farmland 656.1 776.8 1260.9 955.9 1372.4 342.3 383.7 280.6 409.0 114.8 4.1 6556.3 

Orchard- 
Plantation 86.9 24.1 81.3 29.7 186.6 24.5 18.8 114.2 62.9 11.1 1.0 641.1 

Dyke-ponds 68.7 544.5 99.1 24.2 344.2 23.7 103.7 118.8 213.7 9.3 0.3 1550.1 

Forest 58.8 119.5 1130.8 2094.4 826.8 161.4 844.2 44.2 25.7 185.6 0.1 5491.6 

Woodlands 258.9 465.3 1304.5 2390.9 2097.0 348.9 983.8 244.4 223.1 357.3 2.9 8676.9 

Dry  
Grassland 76.8 115.6 1020.6 1677.9 1053.9 117.7 579.1 33.1 19.6 138.3 0.6 4833.3 

Waterbody 170.8 211.9 353.6 219.4 352.4 48.2 125.1 169.1 114.8 22.3 13.7 1801.5 

Mudflats 110.2 229.8 199.7 124.3 396.6 80.8 184.2 125.3 145.5 31.4 1.3 1628.9 

Fishponds 129.5 259.1 248.7 158.1 287.5 63.3 184.8 158.6 102.7 20.5 0.3 1613.3 

Mangroves 7.6 11.6 3.5 2.6 112.8 16.6 9.8 17.2 7.5 4.2 0.4 193.9 

Build-up 499.9 628.9 646.4 146.7 333.5 373.4 100.8 89.2 239.5 125.8 9.4 3193.7 

Construction 127.9 78.7 109.6 110.7 165.2 135.8 60.6 69.9 56.3 44.6 1 960.4 



Railway 5.4 7.3 9.3 10.8 6.7 6.5 6.5 6.9 0 2.3 0 61.5 

Road 40.1 50.4 104.4 86.6 69.2 41.6 23.9 14.6 21.1 20.4 0 472.4 

Port 0 0 1.4 0 0.2 6.6 0 3.7 0.6 2.4 0 15.0 

Airport 0 2.1 16.5 0 0 4.3 0 6.6 0 12.4 1.9 43.8 

Total 2469.1 3828.4 7279.7 9081.2 9398.0 1968.1 3988.0 1625.6 1758.2 1102.6 38.3 42537.4 
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