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Introduction
 Land use/Land cover change has become a central component in 

current strategies for managing natural resources and monitoring 
environmental changes.

 An accurate and up-to-date land cover change information is
necessary to understand and assess the environmental
consequences of such changes.

 The satellite remote sensing data helps in quantification of
LU/LC patterns and determines their changes with time
(Shamsudheen et al. 2005).

 In this study, Land use/land cover change mapping has been
carried out for Mandalay City to detect the changes during 2001-
2015.



Study Area



Study Area- Mandalay

• Located between latitudes 21.87N   

and 22.02N, longitudes  96.05E  and  

96.14E  (Central region of Myanmar)

• Population ~ 1.2 million (2014)

• Area ~ 113 km2(Municipal Area)

• Number of City Townships   -5

Aung Myay Thar San Townwship

Chan Aye Thar San Townwship

Pyi Gyi Tan Khon Townwship

Mahar Aung Myay Townwship

Chan Mya Thar Si Townwship

A Ma Ya Pu Ya Townwship

Source: Mandalay City Development Committee(MCDC)



Objectives

 To analyze the dynamics of land use/land cover
change using Landsat data for the years of 2001 and
2015

 To classify land use/land cover using (2001,2015)
satellite images for Level I and (2004,2014) for Level
II classification

 To compare different classification methods



(i) Land Use/Land Cover Classification (Level I)
 Data used - Landsat TM image (2001) 

- Landsat 8 image (2015)
- Field Survey 

 Software used    - ArcGIS 10.1,QGIS 

Source :U.S. Geological Survey, 
Global Land Cover Facility(GLCF)



Classified Maps of 2001



Classified Maps of 2015



Algorithms
Maximum Likelihood  

Algorithm
(km2)

Minimum Distance to Mean 
Algorithm (km2)

Spectral Angle Mapper
Algorithm (km2)

LU/LC 
Classes 2001 2015 2001 2015 2001 2015

Built up 41.87 69.41 17.16 56.68 17.90 61.22

Water 5.31 4.97 9.60 5.00 15.50 4.92

Vegetation 32.64 30.37 40.12 31.48 35.67 27.45

Bareland 33.30 8.36 46.24 19.97 44.04 19.53

Comparison of Classification Methods



Accuracy Assessment of Land use/Land cover Map

2015 Land use/Land cover map

Methods Kappa Value Overall Classification 
Accuracy(%)

Maximum 
Likelihood 0.89 89.53

Minimum Distance 0.86 85.71
Spectral Angle 

Mapper 0.86 87.78

(2015)

2001 Land use/Land cover map

Methods Kappa Value Overall Classification 
Accuracy(%)

Maximum 
Likelihood 0.88 89.64

Minimum Distance 0.8 85.47
Spectral Angle 

Mapper 0.82 87.52

(2001)



Land Use/Land Cover Change Map (2001-2015)

LU/LC Classes
1.Built up
2. Water
3.Vegetation
4. Bare Land



Change Detection Matrix(2001-2015)

From_To Change Matrix (Changes in Area(km2))

Sr LU/LC Classes

1 2 3 4

Built up Water Vegetation Bareland

1 Built up 16.78 0.17 0.53 0.42

2 Water 5.11 4.12 4.63 1.64

3 Vegetation 10.11 0.52 14.27 10.77

4 Bareland 29.2 0.11 8.03 6.7



 Level I classification was carried out by using three different methods such as 
Maximum Likelihood Algorithm, Minimum Distance to Mean Algorithm and 
Spectral Angle Mapper Algorithm in QGIS. 

 The post classification change detection technique has been used to analyze the 
LU/LC change during 2001 and 2015. 

 The accuracy of the classified maps was analyzed by estimating the Kappa value 
and overall accuracy. 

 Based on the results of accuracy assessment, the LU/LC statistics obtained using 
Maximum Likelihood Classifier, which gave better accuracy with 0.88 and 0.89 
Kappa values for 2001 and 2015, has been utilized for studying the change.

 According to classification results, only built up area is increased from 41.87 
km2 to 69.41 km2 . Waterbody, vegetation and bare land area have been reduced 
respectively.

Land use/land cover Classification (Level I)



(ii) Land Use/Land Cover Classification (Level II)
 Data used – Satellite images of 2004  (QuickBird) and

2014 (Worldview)
_   Field Survey for Land use verification

 Software used - ArcGIS 10.1



Survey form



Data Collection







Workflow for map development

(e)Interview with local people
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Land Use Maps (2004,2014)



Land Accounting
LUType Percent (2004) Percent (2014)
Agricultural land 9.64 4.17
Commercial 4.24 4.28
Education 3.18 3.91

Government office 5.85 5.79
Health centre 0.19 0.82
Heritage area 0.48 0.48
Hotel 0.06 0.28
Industrial zone 0.22 4.47
Military 4.03 5.61
Mixed 5.68 1.45
Museum 1.47 1.47
Open space 46.59 7.14

Recreational centre 7.15 0.98
Religous 0.93 8.22
Residential 8.23 50.55
Stadium 0.06 0.28
Transporation 0.06 1.25
Waterbody 1.27 0.68



 Level II classification was carried out by manual digitizing based 
on field survey data.

 Waterbody was extracted from satellite image using NDVI, which 
was decreased from 1.27 to 0.68 percent during 2004-2014.

 Land use maps were checked  and land accounting was calculated.
 According to land use change map, agriculture was decreased 5.5  

percent in 2014 from 2004.Industrial zone was increased 0.22 to 
4.47 percent during study period. Residential was increased from 
8.23 to 50.55 percent.

Land use/land cover Classification (Level II)



Conclusion
 This study was carried out to detect changes of land use/land

cover by level I and level II classification, respectively.
 Accuracy assessment was done to evaluate the performance

of classification methods.
 Results indicated that maximum likelihood algorithm

produced acceptable LU/LC classification with kappa
coefficient of 0.89 for 2015 and 0.88 for 2001.

 Changes are mainly in built up areas which was significantly
increased in 2015.

 This study demonstrates the ability of Remote Sensing and
GIS in capturing spatio-temporal changes in LU/LC.




