Development of decadal land cover database
for Nepal '
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Ecological buffer between Tibetan Plateau and South Asia; influences Global Climate regulation.
The third pole on earth - an area of extraordinary beauty, water storage.
4 global biodiversity hotspots;  488 PAs;    330 IBAs;      29 Ramsar sites;    60 ecoregions.
A large area of the Hindu Kush Himalayan (HKH) is covered by forest.
Forest plays a vital role to confront the challenges of climate change, ecosystem services,  and livelihood options for a growing population. 
The last few decades have seen high levels of land cover  alteration in the region. 

As you know land cover change is a significant contributor to environmental change. 

The changes in land cover due to growth dynamics, management, harvest and natural disturbances may change the role and function of forest ecosystems.

Land use conversions from forest to other land uses often result in substantial loss of carbon from the biomass pool. 
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Nepal one of the most beautiful mountain countries in the world. Although country are that much not world dense intern of population.  The pressure of this huge population on the limited land resource is changing the land covers rapidly with diminishing amount of forest and other natural resources. For several decades, various agencies develop land cover maps for various purposes, using remote sensing and ancillary data. 

Mountain country Nepal some experiences with regards land use and land cover mapping using field survey and remote sensing data. Help of visual interpretation of aerial photographs and field survey the forest resources survey office conducted the first forest inventory during the period 1963–1967. Using aerial photography from 1953–1958 and 1963–1964 forest, crop, grass, urban, water, badly eroded and barren land cover was identified. 

Inconsistency in land cover definition and classification due to dissimilarities of organization's objectives, methodology, boundary and capacities - restrict the comparison of land cover and change detection over time. A standardized classification system for an entire country, allowing the representation of each Government entities’ interest, is the first step for producing consistent and comparable land cover information.




Available land cover images in
the Global/HKH/Nepal region
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i Herold, Martin, et al. "A joint initiative for harmonization and validation of land cover datasets."
Geoscience and Remote Sensing, IEEE Transactions on 44.7 (2006): 1719-1727.
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No up to date land cover data is available 
Legends used are different due to differences in objectives
Not possible for comparisons from one place to another or one year to another year 
Harmonization of legends an important aspect for developing land cover database


MODIS land cover products
for the HKH region
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90 000 m

1 Hectare

90000
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Steps of land cover mapping
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Harmonization Legend development




Data acquisition

185 Km

Landsat image
24— Spatial resolution 15m, 30 m
| Swath 185 Km




Data acquisition

e Landsat image
24— Spatial resolution 15m, 30 m
| Swath 185 Km

185 Km

ASTER and SPOT image
Swath 60 Km
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Object-based Image Analysis [edi]

Object-Based Image Analysis (OBIA) — also Geographic Object-Based
Image Analysis (GEOBIA) —"is a sub-discipline of geoinformation
science devoted to (...) partitioning remote sensing (RS) imagery into
meaningful image-objects, and assessing their characteristics through
spatial, spectral and temporal scale" [%

The two main processes in OBIA are (1) segmentation and (2)

classification. Traditional image segmentation is on a per-pixel basis.

However, OBIA groups pixels into homogeneous objects. These ;

objects can have different shapes and scale. Objects also have |maegmemnn during he
statistics associated with them which can be used to classify objects. object base image analysis
Statistics can include geometry, context and texture of image objects.

The analyst defines statistics in the classification process to generate land cover

Each of these application areas has spawned separate subfields of digital image analysis, with a large
collection of specialized algorithms and concepts—and with their own journals. conferences, technical
societies, and so on.

Land cover mapping [edi]

Land cover and land use change detection using remote sensing and - L e e
geospatial data provides baseline information for assessing the r ' ' :
climate change impacts on habitats and biodiversity, as well as natural
resources, in the target areas.

Process of land cover mapping
[edit] using TM images

Application of land cover mapping




Generating arithmetic Feature

O The Normalized Difference Vegetation Index (NDVI) is a standardized
index allowing to generate an image displaying greenness (relative

biomass)

O Index values can range from -1.0 to 1.0, but vegetation values typically

range between 0.1 and 0.7.

L NDVI is related to vegetation is that
healthy vegetation reflects very well in
the near infrared part of the spectrum.

Qit can be seen from its
mathematical definition that the NDVI
of an area containing a dense
vegetation canopy will tend to positive
values (say 0.3 to 0.8) while clouds
and snow fields will be characterized
by negative values of this index.

NDVI = (NIR - red) / (NIR + red)

Legend
M High : 0.818182
M Low:-0.981818




Field samples collection
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Object-Based Image Analysis (GEOBIA)

Kabir Uddin

GIS and remote sensing analyst

Email: Kabir.Uddin@icimod.org kabir.Uddin.bd@gmail.com
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As you know land cover change is a significant contributor to environmental change. Land cover data documents how much of a region is covered by forests, wetlands, impervious surfaces, agriculture, and other land and water types. 







The last few decades have seen high levels of deforestation and forest degradation in the region. 

The changes in forest cover due to growth dynamics, management, harvest and natural disturbances may change the role and function of forest ecosystems.

Land use conversions from forest to other land uses often result in substantial loss of carbon from the biomass pool. 



What happening in the region









































As you know land cover change is a significant contributor to environmental change. Land cover data documents how much of a region is covered by forests, wetlands, impervious surfaces, agriculture, and other land and water types. 
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Development of baseline information





The use of satellites to monitor processes and trends at the global scale is essential in the context of climate change























































Land cover and land use change detection using remote sensing and geospatial data provides baseline information for assessing the climate change impacts on habitats and biodiversity, as well as natural resources, in the target areas. 









































Image Classification















































7



The process of sorting pixels into a number of data categories based on their data file values

The process of reducing images to information classes







Image Classification













































Image classification techniques

There are different types of classification procedures:

		● 	Unsupervised

		●	Supervised

		●	Knowledge base 

		●	Object base

		●	Others















































Unsupervised classification

The process of automatically segmenting an image into spectral classes based on natural groupings found in the data

The process of identifying land cover classes and naming them 









Label

Bare

Agriculture

Forest

Grass

Water







ISODATA

Class 1

Class 2

Class 3

Class 4

Class 5











Class Names











































Supervised classification

the process of using samples of known identity (i.e., pixels already assigned to information classes) to classify pixels of unknown identity (i.e., all the other pixels in the image)





















































Object based image analysis 





Before knowing more details about object based image analysis lets use relatively simple example 
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Object based image analysis 



Part of the application of GEOBIA lets extract water from the high resolution image.

When visually inspecting data sets looks all the blue pixel should be water. 
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Object based image analysis 



Part of the application of GEOBIA lets extract water from the high resolution image.

When visually inspecting data sets looks all the blue pixel should be water. 
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Object based image analysis 



Part of the application of GEOBIA lets extract water from the high resolution image.

When visually inspecting data sets looks all the blue pixel should be water. 
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Object based image analysis 

























































Object based image analysis 





Color Statistics

Shape

Texture

Hierarchy

Relations to...

  ...neighbor objects

  ...super-objects

  ...sub-objects









































Object based image analysis 





Color Statistics

Shape

Texture

Hierarchy

Relations to...

  ...neighbor objects

  ...super-objects

  ...sub-objects













































Object based image analysis 

Object-Based Image Analysis also called Geographic Object-Based Image Analysis (GEOBIA) and it is a sub-discipline of geoinformation science. Object – based image analysis a technique used to analyze digital imagery.  OBIA developed relatively recently compared to traditional pixel-based image analysis. 

Pixel-based image analysis is based on the information in each pixel, object based image analysis is based on information from a set of similar pixels called objects or image objects.









































Software for Object Based Classification









eCognition/ Definiens

IDRISI

ERDAS Imagine

ENVI

MADCAT











































IMAGINE Objective



Automated Feature Extraction

Reduce the labor, time and cost associated with intensive manual digitization.



Repeatability

Reliably maintain geospatial content by re-using your feature models.



Emulates Human Vision

True object processing taps into the human visual system of image interpretation.











































IMAGINE Objective











































IMAGINE Objective



Image segmentation in IMAGINE Objective   









































IMAGINE Objective



Classified building in IMAGINE Objective   









































Segmentation and Segment-Based Classification using IDRISI











































Feature Extraction using ENVI













































Object based image analysis using MadCat

MadCat (MApping Device - Change Analysis Tool) is software mainly devoted to optimizing the production of vector polygon based maps.

It is part of the GEOvis set of tools developed by FAO 	

The software also includes a module for change assessment and analysis 	

MadCat version 3.1.0 Release (12.02.2009).



MadCat is FREE











































Object based image analysis using MadCat















































eCognition/Definiens

eCognition/Definiens software employs a flexible approach to image analysis, solution creation and adaption

Definiens Cognition Network Technology® has been developed by Nobel Laureate, Prof. Dr. Gerd Binnig and his team

In 2000, Definiens (eCognition) came in market

In 2003 Definiens Developer along with Definiens eCognition™ Server was introduced. Now, Definiens Developer 8 with updated versions is available 
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eCognition Developer 
… is the development environment for object-based image analysis. 



eCognition Software Suite

eCognition Architect
… provides an easy-to-use front end for non-technical professionals allowing them to leverage eCognition  technology.



eCognition Server

… provides a processing environment for the batch execution of image analysis jobs. 



















































eCognition Developer

Develop rule sets

Develop applications

Combine, modify and calibrate rule sets

Process data

Execute and monitor analysis

Review and edit results







Product Components:

eCognition Developer client

Quick Map Mode

User Guide & Reference Book

Guided Tours

Software Development Kit (SDK)













































eCognition Architect

Combine, modify and calibrate Applications

Process data

Execute and monitor analysis

Review and edit results

Product Components

eCognition Architect client

Quick Map Mode

User Guide & Reference Book

Software Development Kit (SDK)













































eCognition Server

Batch process data

Dynamic load balancing

Service oriented architecture

Highly scalable









Product  components:

eCognition Server

HTML User Interface: Administrator Console

User Guide & Reference Book

Software Development Kit (SDK)











































Steps of land cover mapping 

Legend development and classification scheme

Data acquisition 

Image rectification and enhancement

Field training information

Image segmentation

Generate image index

Assign rules 

Draft land cover map

Validation and  refining of land cover

Change assessment

Land cover map









































Segmentation

The first step of an eCognition image analysis is to cut the image into pieces, which serve as building blocks for further analysis – this step is called segmentation and there is a choice of several algorithms to do this. 

The next step is to label these objects according to their attributes, such as shape, color and relative position to other objects.













































Types of Segmentation 













































Types of Segmentation 









Chessboard segmentation

Chessboard segmentation is the simplest segmentation available as it just splits the image into square objects with a size predefined by the user.









































Types of Segmentation 



Quadtree based segmentation

Quadtree-based segmentation is similar to chessboard segmentation, but creates squares of differing sizes. 

Quadtree-based segmentation, very homogeneous regions typically produce larger squares than heterogeneous regions. Compared to multiresolution segmentation,quadtree-based segmentation is less heavy on resources.











































Types of Segmentation 





Contrast split segmentation

Contrast split segmentation is similar to the multi-threshold segmentation approach.

 The contrast split segments the scene into dark and bright image objects based on a threshold value that maximizes the contrast between them.













































Types of Segmentation 





Contrast split segmentation

Contrast split segmentation is similar to the multi-threshold segmentation approach. The contrast split segments the scene into dark and bright image objects based on a threshold value that maximizes the contrast between them.













































Types of Segmentation 





Spectral difference segmentation

Spectral difference segmentation lets you merge neighboring image objects if the difference between their layer mean intensities is below the value given by the maximum spectral difference. It is designed to refine existing segmentation results, by merging spectrally similar image objects produced by previous segmentations and therefore is a bottom-up segmentation.











































Types of Segmentation 





Multiresolution segmentation

Multiresolution Segmentation groups areas of similar pixel values into objects. Consequently homogeneous areas result in larger objects, heterogeneous areas in smaller ones.



The Multiresolution Segmentation algorithm1 consecutively merges pixels or existing image objects. Essentially, the procedure identifies single image objects of one pixel in size and merges them with their neighbors, based on relative homogeneity criteria.











































Multiresolution Segmentation, Parameters 

Scale

The value of the scale parameter affects image segmentation by determining the size of image objects;

Defines the minimum size of the object through threshold value; 

The larger the scale parameter, the more objects can be fused and the larger the objects grow;













































Image analysis assumptions

Similar features will have similar spectral responses.

The spectral response of a feature is unique with respect to all other features of interest.

If we quantify the spectral response of a known feature, we can use this information to find all occurrences of that feature.









































Object features in eCognition



















































Generating arithmetic Feature

The Normalized Difference Vegetation Index (NDVI) is a standardized index allowing to generate an image displaying greenness (relative biomass)

Index values can range from -1.0 to 1.0, but vegetation values typically range between 0.1 and 0.7. 	

	







 NDVI is related to vegetation is that healthy vegetation reflects very well in the near infrared part of the spectrum.

 

 It can be seen from its mathematical definition that the NDVI of an area containing a dense vegetation canopy will tend to positive values (say 0.3 to 0.8) while clouds and snow fields will be characterized by negative values of this index.



NDVI = (NIR - red) / (NIR + red)













































Land and Water Masks (LWM)






Index values can range from 0 to 255, but water values typically range between 0 to 50



Water Mask = infra-red) / (green  + .0001) * 100

(ETM+) Water Mask = Band 5) / (Band 2  + .0001) * 100













































Comparing features using the 2D feature space plot





















































Comparing features using the 2D feature space plot



















































Comparing features using the 2D feature space plot















































Comparing features using the 2D feature space plot

























































































Investigation of classified land cover











































Investigation of classified land cover











































Investigation of classified land cover











































Investigation of classified land cover











































Investigation of classified land cover











































Investigation of classified land cover











































Investigation of classified land cover











































Investigation of classified land cover











































Rules 











































Land cover map of Nepal





































































Thank you

















Thank you
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Comparing features using the
2D feature space plot
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2D feature space plot
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Rules

=

Built Up Area

ML, undassified with NDVI <= 0,408 at Level-1: Built Up Area

tL Built Up Area with Brightness <= 280 at Level-1: undassified

';L Built Up Area with Brightness == 440 at Level-1: undassified

EL Built Up Area with Mean B1_Green <= 50 atLevel-1: undassified

tL Built Up Area with Mean B2_Red <= 40 at Level-1: undassified

bl Built Up Area with Mean Hue <= 30 at Level-1: undassified

';L Built Up Area with Mean B3_MIR. == 200 at Level-1: undassified

tL Built Up Area with Max. pixel value B1_Green <= 72 at Level-1: undassified
ML, Built Up Area with Mean DEM == 2000 at Level-1: undassified

Land cover class

I Forest
[ shrubland
[ Grassland
Agriculture
- Barren area
[ water body

' Snow and glacier

I suilt-up area

130 260 Kilometers
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Land cover of Nepal

. |
Land cover class

- ! !l {1 ! 7 |+ { ] [ [ [ ||
Forest 1,900 1,705 1,744 19,468 18,097 17,987 | 26,282 23,608 24,170 14,285 13,682 13,968 4,764 4,390 4,170 63,048 61,482 62,039
Agriculture 39 46 24 3,800 4,655 4,693 | 15378 17,898 17,238 3,660 3,832 4,045 | 14,661 14,576 14,380 40,145 41,007 40,380
Grassland 11,836 10,798 971 3,660 4,108 1,540 722 862 481 285 386 88 785 592 350 17,336 16,746 3,430
Shrubland 934 918 9,600 1,577 1,592 4,098 549 598 950 74 163 245 150 195 520 3,467 3,466 15,413
Barren area 8,660 11,740 10,174 191 310 408 233 185 272 335 605 295 646 1,214 1,447 10,855 14,054 12,596 r
Built-up area 0 0 1 1 1 3 151 192 241 55 59 73 122 171 226 423 423 544
Waterbody 67 54 68 71 68 65 188 160 151 192 159 172 294 284 329 741 725 785
Snow and glacier 11,039 9,214 11,893 127 64 101 11,166 9,278 11,994
Total 34,475 28,895 43,503 18,886 21,422 147,181



Presenter
Presentation Notes
Built-up area	0.22	0.32	0.37

Forest	45.15	41.63	42.00





Quality assurance of land cover
map

Most common questions from the remote
sensing expert about land cover

What is the
accuracy of
land cover
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Quality assurance of land cover
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Selection of quality TM image

ACQUISITION DATE = 2009-03-05 ACQUISITION DATE = 2009-12-02 ACQUISITION_DATE = 2010-01-19
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Comparison land cover image %
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Validation of developed land
cover

Accuracy assessments determines the quality of the information derived from remotely sensed data. In this study after land
cover classification, a systematic 15 x 15 minute grids used. ldentify misclassified land cover overlaid on false colour
composite Landsat imagery (1990, 2000 & 2010) along high resolution satellite imagery by utilization of online Google Earth.

jWater bodies

‘Ag riculture

;Barren:area_ IGrassland ;Shrubland

‘Forest




B
Accuracy assessment report of
Nepal Land cover

Fo | Agric| Gra | Shru | Barr | Built | Wate | Snow To User's
Class re |ultur|ssla|blan| en | -up r and tal Accuracy
st| e nd d [area| area | body | glacier (%)
13 13
Forest ) 5 1 3 96
) 15
Agriculture 18| 130| 2| 1 1 2 86
Grassland 4 2| 28 2 36 78
Shrubland 3 3 2 6 1 15 40
Barren area 1 4 33 3141 80
Built-up area 1 8 9 89
Water body 1 1 13 1(16 81
Snow and glacier 3 40143 93
Total 15 45
8| 142| 40 7 36 9 14 441 0
Producer's Accuracy
(%) 84 92| 70 86 92 89 93 91
Total number of samples 450
No. of accurate samples 390
Overall Accuracy (%) 86.67
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B
Accuracy assessment report of
Nepal Land cover

Forest | Agriculture | Grassland | Shrubland Barren Built-up Water Sno‘,” and Total User's Accuracy
area area body glacier (%)

Forest 231 15 2 248 93
Agriculture 45 250 3 1 4 1 304 (82
Grassland 5 1 42 48 88
Shrubland 3 3 15 21 71
Barren area 1 1 32 1 1 36 89
Built-up area 7 13 20 65
Water body 2 1 4 15 1 23 65
Snow and glacier 1 1 2 46 50 92
Total 285 279 49 16 41 14 18 48 750
Producer's Accuracy 31 90 36 94 78 93 33 96
(%)

Total number of samples 750

No. of accurate samples 644

Overall Accuracy (%) 85.87
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Accuracy
assessment report of
Nepal Land cover

The accuracy assessment of forest
change is conducted for four major
strata: forest loss, forest gain, stable
forest and stable non forest - out of
which assessment of two strata forest
loss and gain done. The accuracy
assessment of forest loss and gain
greater than 5 ha patches (2000 to 2010)
assessed by using Google Earth’ high
resolution satellite imagery as primary
source of reference data. Forest loss,
Forest gain, Stable forest and Stable non
forest. Due to unavailability of year 2000
high resolution satellite imager over
Google Earth, from January 2000 and
March 2003 time span taken as a
baseline period.

- Forest gain
|:| Others

260 Kilometers
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Accuracy assessment report of
Nepal Land cover

Altogether 268 (202 forest loss and 66 forest gain) sample points within the
tile area was distributed based on stratified random sampling method.
Tarai: 70%, Hill 25%, Mountain: 5%

High
Mountain
«': e ’ ///
b%“g/?%qém .
7 % Siwalik ?Aé
Legend Y 7
268 Sample plots % High resolution tiles : ‘//’
Forest Change Physiography
- Forest loss High Mountain
- Forest gain Mountain
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Siwalik
0 65 130
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Google Earth
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2010




Nepal land cover of 1990, 2000, and

2010




Nepal land cover of 1990, 2000, and

2010




Nepal land cover of 1990, 2000, and

2010




Nepal land cover of 1990, 2000, and




Nepal land cover of 1990, 2000, and




Thank You




	Slide Number 1
	Background of Land cover mapping
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Data acquisition 
	Data acquisition 
	Object-Based Image Analysis (GEOBIA)
	Generating arithmetic Feature
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Training sets/ sample collection
	Comparing features using the 2D feature space plot
	Comparing features using the 2D feature space plot
	Investigation of classified land cover
	Investigation of classified land cover
	Investigation of classified land cover
	Investigation of classified land cover
	Investigation of classified land cover
	Investigation of classified land cover
	Investigation of classified land cover
	Investigation of classified land cover
	Rules 
	Land cover of Nepal
	Quality assurance of land cover map 
	Quality assurance of land cover map 
	Selection of quality TM image
	Slide Number 31
	Validation of developed land cover
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43

