
Regional Drought Information System

Outcomes/Anticipated Impacts
Improve the operational, technological and institutional
capabilities to prepare for and respond to droughts in the
Lower Mekong Region;

Assist local governments and the agricultural sector with
seasonal drought forecasting;

Assist local governments and the agricultural sector
implement short and long-term mitigation measures during
and in advance of droughts;

Assist local governments and the agricultural sector with
drought preparedness, projection/monitoring systems,
mitigation strategies and planning;

Characterize droughts by identifying accurate, reliable, and
timely estimates of severity and impacts of droughts;

Assess the economic, social and environmental impacts of
drought on vulnerable people and water-related resource
systems;

Develop critical regional and local thresholds, reflecting
increasing levels of risk and vulnerability to drought, as
agreed by stakeholders. These thresholds could be used
for drought monitoring, forecasting and projection.

Earth Observations & Other Inputs
Vegetation Health Index (VHI)

Normalized Difference Vegetation Index (NDVI)

Standard Precipitation Index (SPI)

Standard Precipitation Evaporation Index (SPEI)

Palmer Drought Severity Index (PDSI)

Objectives
Develop an integrated information system to be used by
local decision makers for drought monitoring, analysis
and forecasting for planning and responding to
droughts.

Provide policy-makers and growers with drought indices
and forecast drought indices to facilitate better decision
making at the single growing season resolution.

Provide ecological and financial forecasting information
to inform seasonal cropping decisions. Subsequent
functionality may include additional information relevant
to decisions at sub-seasonal or multi-year temporal
scales.

Sample Results

Rishiraj Dutta, Senaka Basnayake, Susantha Jayasinghe, Asian Disaster Preparedness Center (ADPC)
Chusit Apirumanekul, Stockholm Environment Institute (SEI)
Peter Cutter, Spatial Informatics Group (SIG)
John Bolten, NASA Goddard Space Flight Center 

Approach/Project Activities
Evaluation of drought indices using a comparative
evaluation method to identify the most suitable approach
for drought monitoring. Examples include: Standard
Precipitation Index (SPI), Standard Precipitation
Evaporation Index (SPEI), Palmer Drought Severity Index
(PDSI), and Vegetation Health Index (VHI).

Forecast drought with seasonal weather forecasting
products and a multi-model ensemble technique for
climate prediction / projection on seasonal to inter-annual
time scales.

Customize and calibrate drought products at a
regional scale to allow stakeholders to plan their
activities in the event of a drought and allow decision
makers to make and review the effectiveness of their
decisions.

Operationalize the system and make the products
available through a web-based platform.

Why this project?
Droughts in the Lower Mekong Region negatively impact

ecosystem services, food and water security and

biodiversity. These impacts are exacerbated by climate

change, further highlighting the need for improved

governance and decision making in virtually all sectors.

Project End Users
Agriculture and Irrigation Departments of Lower Mekong 
Countries;

Meteorology and Hydrology Departments;

Water Resources Department;

Mekong River Commission;

National Mekong Committees;

Farmers

Government agencies responsible for agricultural policy, 
compensation programs, etc.;

Private companies dependent on seasonal crop outputs 
(such as CP, BetaGro, etc.)

Private companies dependent on water resources (such 
as Coke, TipCo, Aruna, etc.)

Return Period of Droughts in Cambodia

Moderate Drought Annual Return Periods: (i) 5Y

(ii) 10Y (iii) 50Y (iv) 100Y (Source: ADPC)

Severe Drought Annual Return Periods: (i) 5Y

(ii) 10Y (iii) 50Y (iv) 100Y (Source: ADPC)

Sample of a Drought Monitoring and Information

System: DROMAS (European Space Agency)

Observed Drought Susceptability (Probability of
Drought Occurence) for Cambodia and Lao PDR
(Source: ADPC)
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Focus Area
Lower Mekong Region including Cambodia, Lao PDR,

Myanmar, Thailand and Vietnam (with adjustments the

tool can easily be used elsewhere.)

Project Partners

Drought in the Mekong impacting farmers



Regional Land Cover Monitoring System 

Anticipated Impacts
The project will develop a system that will use a common
set of input data sources coupled with custom classification
“ontologies” to generate unified high-quality land cover
maps reflecting the needs of countries and agencies on a
regular (at least annual) basis.

Improved policy, planning, and decision making by a wide
range of users.

The product will showcase SERVIR-Mekong collaboration
with the Greater Mekong Sub-region Core Environment
Program (CEP) as an example of synergies within the
Sustainable Mekong Program and many other partners.

Earth Observations & Other Inputs
LandSat-7, LandSat-8

MODIS

Context Data

SAR

High-Resolution Satellite Imagery

Objectives
To develop a unified regional (satellite-based) land
cover monitoring system.

Produce annual land cover (LC) maps of the Lower
Mekong Countries: Thailand, Cambodia, Myanmar, Lao
PDR and Vietnam for each of the years 2000 to 2015,

Provide an analysis tool that can easily be used for
different time-series.

Why this project?

Monitoring land cover and land use change is important

for land resource planning, understanding ecosystem

services including resilience to climate change,

biodiversity conservation, and other issues. However,

updates are infrequent and classification systems do

not always serve key user groups. At the regional level,

the only maps currently available are the products of

global land cover maps that lack some of the typological

resolution needed for many regional applications and

decision-making contexts.

Sample Expected Outputs 

Anggraini Dewi, Asian Disaster Preparedness Center
David Saah, University of San Francisco and Spatial Informatics Group
William Crosson, Ashutosh Limaye, NASA Coordination Office
Chusit Apirumanekul, Stockholm Environment Institute
Support from : Nick Clinton, Google Earth Engine

Approach/Project Activities
Catalogue existing typologies and use cases

Recommend a unified regional typology that will be used
as a basis to design the land cover monitoring system.

Select disaggregated specific classification algorithms
(i.e., algorithms for mapping mangroves, urban areas,
forested areas, agricultural production, etc.)

Integrate algorithms into the land cover tool to derive
regional LC maps. The tool consists of two components:

(1) a Google Earth Engine (GEE) application that
performs image analysis

(2) a user-friendly site/app using Google’s
appspot.com that exposes the application to the users.

Collect control points from multiple sources using a
random stratified sampling approach consistent with the
regional LC classification typology.

Employ a validation method that quantifies a confusion
matrix for each LC product. Improvements will be made
to the system and uncertainties quantified.

Perform initial testing (tool ver-1) using a 15-year archive 
of Landsat data for 2000-2015.

Project End Users
ADB- Greater Mekong Sub region Core Environment Program 

Forestry/Agriculture Ministries/ Departments in Mekong region

Mekong River Commission (MRC)

International and local NGOs (Natural Heritage Institute: NHI) 

Global Example: Global Land Cover Map over
Lower Mekong Countries using MODIS (UMD-IGBP).

Cambodia example: Forest is dark green, water
is dark blue, urban is purple, shrubland is light
green, rice field is yellow.

Focus Area
5-country SERVIR-Mekong region (Myanmar, Lao PDR,

Vietnam, Cambodia, and Thailand

Project Partners

ADB- Greater Mekong Sub-region Core 

Environment Program (CEP)

Land Cover Monitoring Framework

Sample of extracted layers (potential national land cover /land use map of Myanmar for a 10-year archive)

2000 2001 2002 2003 2004

2005 2006 2007 2008 2009



Myanmar maintains substantial forest cover compared to other Southeast Asian countries, but 

severe logging, expanding plantations, and forest degradation pose increasing threats.  To 

assess how these rapid changes are affecting Myanmar, new, accurate, and detailed information 

about the condition of remaining intact forests is urgently needed.  

Background

Changes in Forest Cover

Land Cover Classification

Intact Forest Declines in Myanmar from 2002-2014
x

Tejas Bhagwat1,2, Andrea Hess1,2, Ned Horning3, Thiri Khaing4,5, Zaw Min Thein4,5, Kyaw Moe Aung5, Kyaw Htet Aung4,5, Paing Phyo4,5, Ye Lin Tun4,5, 

Aung Htat Oo4,5, Anthony Neil4, Win Myo Thu4, Melissa Songer1, Katherine LaJeunesse Connette1, Asja Bernd4, Peter Leimgruber1

1 Smithsonian Conservation Biology Institute, Front Royal, Virginia, USA; 2 University of Bayreuth, Bayreuth, Germany;  3 American Museum of Natural History, New York, New York, USA;                       
4 EcoDev/ALARM, Yangon, Myanmar;  5 GMAP, Yangon, Myanmar. 

(C)  Plantation development 

near Myitkyina, Sagaing.

(D)  Plantation development 

near Mawdaung, Tanintharyi.

(B) Forest losses from mining 

along the Uru River in Kachin 

and Sagaing.

The Future of Forests in Myanmar

Using a supervised classification based on Landsat imagery from 2002/2003 and 2013/2014 dry seasons.

• Forest still covers 63% of Myanmar, making it one of the most forested countries in the region.  

However, only 38% of all forest is intact, covering 24% of the country.

• Between 2002 and 2014, intact forest declined at a rate of 0.95% annually, totaling nearly 3 

million ha of forest loss. 

• Overall forest cover (both intact and degraded forest) had an annual net loss of 0.55% 

between 2002 and 2014. Declines have accelerated over the last decade. Leimguber et al. 

(2005) found a 0.30% annual rate of forest loss between 1990 and 2000.

Myanmar is at a crossroads where overall forest cover remains high, but intact forest is quickly 

being lost or degraded.  Protection of remaining intact forest, restoration of degraded forest, and 

sustainable forest use are critical to the long-term future of Myanmar’s forest ecosystems and 

their associated biodiversity.  
Reference: Leimgruber P, Kelly DS, Steininger MK, Brunner J, Muller T, Songer M.  Forest cover change patterns in Myanmar (Burma) 1990–2000. 

Envir Conserv. 2005;32:356–364.

Static land cover from 2002-2014

Intact Forest Canopy cover >80% in evergreen & mixed deciduous forests; >40% in dry deciduous forests 

Degraded Forest Canopy cover 10-80% in evergreen & mixed deciduous forests; 10-40% in dry deciduous forests

Water Rivers, flooded river beds, rice paddies, lakes & reservoirs

Non-Forest Canopy cover <10% 

Plantations Plantation

Forested land cover conversions

New Non-Forest Intact forest in 2002 to <10% canopy cover in 2014

New Plantations Intact forest in 2002 to plantation in 2014

New Degraded Forest Intact forest in 2002 to degraded forest in 2014

New Water New reservoirs, changes in rivers, and hydro-electric projects 

Acknowledgements: Ministry of Environmental Conservation and Forestry, P. Oswald, U Myint Aung, J. Brunner, D. Constable, and G. Connette. 

Funding for this research was provided FLEGT, USAID, Helmsley Charitable Trust, and IUCN



Undisturbed Forests in the United States – Assessment 

and Predictions Based on Landsat Observations

NAFD-NEX Disturbance Products

Chengquan Huang1, Feng (Aron) Zhao1, Samuel Goward1, Karen Schleeweis2, Andrew Michaelis3, 

Jeffrey Masek4, Jennifer Dungan3 , Warren Cohen5, Gretchen Moisen2,  and Khaldoun Rishmawi1
1 Department of Geographical Sciences, University of Maryland, College Park, MD 20742

2 USDA Forest Service, Rocky Mountain Research Station, Ogden, UT 84401
3 NASA Ames Research Center, Moffett Field, CA 94035

4 Biospheric Sciences Branch, NASA Goddard Space Flight Center, Greenbelt, MD 20771
5 USDA Forest Service, Pacific Northwest Research Station, Corvallis, OR 97331

Forest provides many important ecosystem services. Logging, fire, and other

disturbances can disrupt or even diminish the provision of these services. Although

many map products and inventory data are available to estimate forest area at

some specific time points, it is not clear how much forest in the United States

remained and will remain undisturbed.

Recently, the North American Forest Dynamics (NAFD) study produced annual

forest disturbance maps for the conterminous US (CONUS) over the time period

1986-2010. These 30-m, wall-to-wall maps were derived by analyzing 23,000+

Landsat images selected from over 150,000+ Landsat acquisitions available for the

spatial and temporal domains of the NAFD study using the NASA Earth eXchange

(NEX) cloud computing facility (https://c3.nasa.gov/nex/). In this study, we used

these NAFD-NEX maps to identify and characterize “undisturbed” forests that were

not disturbed between 1986 and 2010 according to the NAFD methods.

Introduction and Background

The NAFD-NEX products are distributed from the ORNL DAAC at 

https://daac.ornl.gov/NACP/guides/NAFD-NEX_Forest_Disturbance.html. 

Analysis of “Undisturbed” Forest

Undisturbed forest (UDF) density within 1km 

grid cells overlaid with the 85 EPA Level 3 

ecoregions 

Undisturbed forests (UDF) are distributed following ecoregion boundaries in many areas.

Region 
Forest 
Area 
(km2) 

Forest 
Density 

(%) 

UDF Area 
(km2) 

UDF 
Density 

(%) 

PFUD 
(%) at 

year 25 

Predicted PFUD at year 100 
and 95% confidence 

interval  

Predicted PFUD at year 
200 and 95% confidence 

interval  

Coefficients of fitted eq. (1) 

PFUD0 λ R2 

Northern Region 812,795 32.4 675,077 26.9 83.1 49.1 (47.9, 50.3) 24.4 (23.2, 25.5) 98.1 0.007 0.999 

Southern Region 940,982 42.7 480,908 21.8 51.1 6.6 (5.9, 7.4) 0.5 (0.4, 0.6) 92.1 0.024 0.999 

Interior West  475,599 21.3 348,320 15.6 73.2 29.7 (28.6, 30.8) 9.0 (8.3, 9.7) 97.2 0.011 0.999 

Pacific Northwest 344,608 41.2 210,864 25.2 61.2 14.3 (13.5, 15.2) 2.1 (1.9, 2.4) 95.8 0.018 0.999 

CONUS 2,573,984 33.1 1,715,168 22.0 66.6 18.8 (17.7, 20.0) 3.6 (3.2, 4.1) 95.4 0.015 0.998 

 

ln 𝑃𝐹𝑈𝐷𝑡 = ln 𝑃𝐹𝑈𝐷0 − 𝜆𝑡 (1)

Percent forest remaining undisturbed (PFUD) within a time interval decreased following an

exponential decay function as the time interval increased:

• Two thirds, or 1.7 million km2, of the

forests in CONUS remained

undisturbed between 1986 and 2010.

• Protected areas and stream buffer

zones kept more forest undisturbed

than outside those areas.

• Assuming disturbance rates remain

relatively stable over time, the

percentage of forest remaining

undisturbed (PFUD) in CONUS will

be reduced to 18.8% and 3.6% in

100 and 200 years, respectively, with

large variations among regions.

• Management approaches aimed at

reducing timber harvest rates in the

south and mitigating fire risks in the

west are needed to maintain higher

levels of undisturbed forests.

Results and Conclusions



to identify where LSLAs are likely to
occur in the future. The Mekong region
is fertile ground for investment, as
documented here and by others. With
recent political changes in Myanmar, the
possibility of investment is speculated to
increase. Figure 9 shows annual forest
cover loss for the region, offering
potential insight to expansion of LSLAs
and rubber plantations in particular.

developing a probabilistic model LSLA occurrence. Independent variables
(Table 1) included political, social, economic, and biophysical factors. For
this presentation, the analysis period was 2000-2008.

Preliminary analysis suggests a strong degree of collinearity between
variables (e.g. Fig. 2), but at the same time, when this is accounted for,
several factors prove to be important in predicting LSLA occurrence.
Step-wise (both directions) logit regression was conducted in R and has
thus far yielded our current model which takes the form of:
Log(deal) = β0 + β1log (GovAvg) + β2log (GovMd) + β3log (AG) + β4log (CY) +
β5log (FA) + β6log (PF) + β7log2 (GDPC) + β8log (LA) + β9log (RP) ;
AIC: 123.6, p<0.10

Large-scale land acquisitions (LSLAs) are occurring across the globe by
transnational investors and governments seeking to secure access to land,
primarily in developing countries, for a variety of investment intentions [1,
2]. While estimates vary as to the scope of LSLAs [3], data collected by
the Land Matrix (www.landmatrix.org) suggest that a globally significant
land change phenomenon is underway, with more than 40 million hectares
of land being acquired by foreign investors under long-term lease contracts
since 2000, and announced intentions totaling 16 million hectares [4]. For
this poster, we present results from our analysis of LSLAs globally and in
Cambodia. We conclude with potential implications for Myanmar.

Cambodia LSLA data is from the Land Matrix (n=114) and Open
Development Cambodia (ODC) (n=223). Of the 114 transnational deals in
Cambodia 103 are concluded with the vast majority (88%) intended for
agriculture (see Table 2). However, for this study we focused on 33 deals
which had the greatest certainty as to spatial location (Fig 4). The total
intended area for these deals is 192,458 ha with 2011 being the mean
and median year of the contract. The intention of investment for 29 of the
33 deals is rubber and the dominant investor country is Vietnam.

Introduction Cambodia Analysis

Clearly, land acquired is not being reserved for later use, as some have
suggested, and observable change is occurring at a rapid pace. Further
analysis is needed to investigate the proximate and distal drivers of these
deals and socio-economic and environmental impacts. Our on-going
research is seeking to address these questions while developing techniques

Conclusion

Large-Scale Land Acquisitions (LSLAs):
Global analysis and Cambodia case study

Evan Ellicott, Katie Haviland, Honglin Zhong, Ariane de Bremond, Kuishuang Feng, Klaus Hubacek
1University of Maryland, College Park, MD

References
1. Cotula, L., The international political economy of the global land rush: A critical appraisal of trends, scale, geography and drivers. Journal of Peasant Studies, 2012. 39(3-
4): p. 649-680.
2. M. E. Margulis, N. McKeon, S. M. Borras, Land Grabbing and Global Governance: Critical Perspectives. Globalizations 10, 1-23 (2013).
3. Anseeuw, W., et al., Land Rights and the Rush for Land: Findings of the Global Commercial Pressures on Land Research Project, International Land Coalition, Editor.
2012, International Land Coalition: Rome, Italy.
4. Hansen, Matthew C., et al. "High-resolution global maps of 21st-century forest cover change." Science 342.6160 (2013): 850-853.

Results

Figure 1: LSLA deals per region.

Figure 4: LSLA deals

Figure 5: Remote sensing data process flow

Scope # of deals Concluded Agricultural Proportion
Transnational 114 103 91 88%

Domestic 55 52 45 87%
Total 169 155 136 88%

Table 2: Summary of LSLA deals for Cambodia as reported in the Land Matrix  (7 JAN 2016)

Figure 6: (a) Forest cover loss in hectares by year for Cambodia; (b) Forest cover loss for the area 
associated with the 33 deals.

We examined the Landsat archive to investigate imagery and extract
areas of change. Figure 7 highlights the same example area shown in
the MODIS data and offers clear advantages to the higher spatial
resolution Landsat provides. In this example, the amount of forest cover
loss verifies that the Land Matrix data, in terms of spatial accuracy,
intention (rubber), and area is fairly accurate and reliable.

Figure 7: (left) Landsat 5 false-color from 2009; (right) Landsat 8 false-color from 2014 showing 
dramatic change and clear plantation pattern; (center) Deal information and area of the contract.

28,089
5%

350,892
65%

16,074
3%

146,916
27%

Sum of Dominant Landcover Types for all 
33 Buffered Areas (10km)

Rainfed croplands

Closed to open (>15%) broadleaved evergreen or semi-deciduous forest (>5m)

Open (15-40%) broadleaved deciduous forest/woodland (>5m)

Closed to open (>15%) (broadleaved or needleleaved, evergreen or
deciduous) shrubland (<5m)

Global Analysis

Deals were imported into ArcGIS and
ENVI and interrogated with remotely
sensed data to detect and monitor
land cover change. The steps are
summarized below and in Figure 5.
The MODIS EVI time-series pointed
to 19 deals which had some level of
abrupt vegetation change. Fig. 3
provides an example from one of
these 19 deals.
The MODIS VCC product for the
same area as the EVI temporal
segmentation is also shown in Figure
3. The difference between 2009 and
2014 is obvious. The red arrow is
pointing to the specific area of interest
in this example.
Analysis of the Cambodia deals
included use of the Global Forest
Change product [4] to examine the
amount and year of loss. Forest
cover loss has been rapid for the past
several years, but saw a steep
decline in 2014 (Fig 6a) and (Fig 6b);
policy change a likely explanatory
factor.

Independent Variables: 9. Agricultural land (% of land area) (AG)

1. Voice and accountability (VA) 10. Arable land (% of land area) (AR)

2. Political Stability & Absence of Violence/Terrorism (PS) 11. Cereal yield (CY)

3. Government effectiveness (GE) 12. Forest area (sq. km) (FA)

4. Regulatory Quality (RQ) 13. Forest area (% of land area) (PFA)

5. Rule of law (RoL) 14. Land area (sq. km) (LA)

6. Control of corruption (CoC) 15. Population density (people/sq. km) (PD)

7. Mean of WB Governance indices (1-6) (GovAvg) 16. Rural Population (total) (RP)

8. Median of WB Governance indices (1-6) (GovMd) 17. Rural Population (% of total) (PRP)

Table 1: Independent variables used in logistical 
regression analysis.  
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Analysis of the relationship between deal location and underlying or
neighboring biophysical, socio-economic, and political spatial layers
revealed that the majority of the 33 deals were associated with broadleaf
evergreen forests (Fig. 8a), flat slopes, low population density, and
proximity to major roads and waters bodies (Fig. 8b).

Figure 8: (a) Proportion of landcover types associated with 33 LSLAs; (b) Spatial association between 
deal buffers and biophysical and social factors.

Figure 9: Annual forest cover loss from the 
GFC product for Southeast Asia.
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Global LSLA data was
obtained from the Land Matrix
(Fig. 1). Analysis was
performed for concluded deals
with all and agricultural-only
investment intentions. (Eg: All
intentions = 1573; Countries = 81).
Multivariate logistical
regression analysis was
conducted with the intention of

Figure 2: World Bank governance indicators

Governance was consistently
a strong predicator of the of
LSLAs. An interesting
component however is that it is
not strictly a linear relationship
(i.e. poor governance = more
LSLA). Figure 3 provides
some evidence, showing the
number of deals in a country
(n=81) as a function of that
country’s mean governance
score.

Figure 3: Scatter plot of the number of LSLAs per country 
and mean (n=6) World Bank governance indicator

http://www.landmatrix.org/


Impacts of Ecotourism on land use in the High Himalaya

Jodi S. Brandt1, Volker C. Radeloff2, Teri Allendorf2

Research  Question and Theoretical Framework

•Theoretically, ecotourism will lessen degradation that occurs with economic development, 

because there is economic incentive to protect natural resources that tourists come to 

experience (Balmford 2009).

•However, ecotourism requires infrastructure, and stimulates economic development and 

population growth, all of which are known drivers of deforestation (Lambin 2001).

Affiliations                                         Contact Information
1 Boise State University
2 University of Wisconsin-Madison

Accelerated 

logging of old-

growth forest

Rapid 

economic 

growth

Logging 

concentrated 

around 

Shangri La

We used econometric 

matching statistics to 

assess impact in 22 

tourism sites in Bhutan, 

China, India and Nepal

Overall, positive 

outcomes, but we 

observed a wide 

variation.

1. What were ecotourism impacts in Shangri La, China?

3. Was ecotourism associated with high deforestation in other sites across the Himalaya?

Old-growth Multi-temporal ApproachPlantations

Scrub

Forest

Wet + Dry Season Images

2. Can we accurately detect changes in different forest types?

Future Work – Ecotourism impacts and forest change across the Trans-Himalaya Region

1. Ecotourism varied widely, by site and by country. Why? 

• We will establish four new ecotourism case study sites in Nepal, Bhutan, India, and Myanmar. We will conduct original land 

use change, economic, and social survey analysis at each site.

2.  The High Himalaya lacks regional maps for change detection of different forest types.

• We will perform regional-scale mapping of forest type and change across the High Himalaya. We will test novel techniques 

including Automated Terrain Correction Algorithms and Textural Analysis. Products will be made freely available, and will be 

used for econometric modeling of land use change in the Trans-Himalaya region.

Take-home: Ecotourism led to a trade-off between economic development and forest protection

Non-parametric Composite 

Change Detection

Take-home: Change detection of different forest types was performed with high accuracy

Global map of 

forest loss from 

2000 – 2013 

(Hansen 2013)

Take-home: Ecotourism impacts vary widely, indicating some tourism models are more sustainable.

jodibrandt@boisestate.edu

Human Environment Systems Initiative, Boise State University

What is the impact of ecotourism on land use systems in the High Himalaya?

Ecotourism is a common “Sustainable Development” strategy across the Himalaya, because it offers 

potential for economic development and environmental protection.

We conducted in-depth land use change mapping, social surveys, and econometric modeling in the Chinese Himalaya.



Forest Cover of Myanmar Derived from 

2005-2007 Landsat Images (FRA 2010)

Forest Cover Status of Myanmar (FRA 2010)

Area 

(,000 ha)

% of total 

country area

Closed forest 13,445 19.87

Open forest 18,329 27.09

Total forest 31,773 46.96

Other Wooded 

land 20,113 29.73

Others 13,869 20.50

Water body 1,903 2.81

Total 67,658 100

Forest Cover Status of Myanmar (FRA 2015 Draft)

FRA 2015 Source Data

Area % of total 

country 

area(,000 ha) 

Closed forest 15306 22.62

Open forest 15167 22.42

Total forest 30473 45.04

Other Wooded 

land 14524 21.47

Others 20759 30.68

Water body 1903 2.81

Total 67658 100Projected Data for FRA2015
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Forest Cover Changes in Myanmar
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Mangrove assessment in Wunbaik RF

Land-Cover and Land- Use Change status in Myanmar

Ministry of Environmental Conservation and Forestry
Forest Department



Land Cover Mapping Using Different Classification Techniques
Kyaw Zaya Htun, Zin Mar Lwin, Myint Myint Khaing, Remote Sensing Department, Mandalay Technological University, Mandalay, Myanmar

Introduction

• Land cover data represent a fundamental data source for various types of scientific
research.

• Monitoring the location and distribution of Land cover change is important for establishing
link between policy decisions and regulatory actions and subsequent land use activities.

• It is also used to monitor deforestation, farming, urbanization and human induced climate
change (Story and Congalton 1986).

Maximum likelihood classification
Minimum distance classification

Random forest Using segmentation processUsing Earth engine

Methodology

• Landsat 8 image (2015) was download and extract the study region.
• Atmospheric correction for image was done in QGIS.
• Six classes are defined for Land Cover Mapping.
• Define the region of interest (ROI) for study area using semi-automatic

Classification Plugin in QGIS , Google earth and field data.
• Half of them are used for different classification methods and the rest are used for

accuracy assessment.
• Classification process were done using QGIS and R studio.

Conclusions
• Landsat TM is an important source of

data for mapping trends in land cover
change in tropical areas. Classification
of multispectral Landsat satellite data
and comparison of land cover maps is an
essential tool for assessing large-scale
land cover/land use changes.

• Land cover mapping is useful for change
detection that has many applications
ranging from vegetation mapping,
timber harvesting plans, urban sprawl
detection, flood monitoring, mining and
natural disaster damage assessment.

• According to accuracy assessment and
field experience of this study, maximum
likelihood classification method is the
best one for this study area among the
other classification methods. But we can
also conclude that random forest
classification is also the fastest one in
comparing time and classification using
earth engine is effective way for large
area for rapid mapping. Image Objects
using Segmentation method is suitable
for classification based on high
resolution image.

Study Area (Mandalay)

• located at the centre of Myanmar, a second biggest city 

with the industrial and commercial center

• lies on the Plain, and between the Shan plateau and the 

Ayeyarwady River

• 438 miles from Yangon 

• 44.59 square miles or 28,538.59 acres in area

• about 1.7 million in population

• 9.7 miles from north to south and about 4.9 miles from east 

to west. 

Classification Methods

In this study, the following classification techniques were used to compare the results.

• Maximum likelihood classification
• Minimum distance classification
• Random forest
• Using Advanced Technique: Converting the Image Classification Raster Output to

Image Objects using Segmentation
• Using Earth engine

Research Questions

• What are the distribution and potential land cover in the study area in 2015?

• Which classification method is the best one for land cover mapping?
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Myanmar’s Natural Capital

Natural capital is the stock of natural assets - including land, water, soil, plants and animals - that yields a flow of benefits to people. These benefits that nature provides to people are known as ecosystem services. 
They include clean water and food, protection from natural hazards such as flooding and landslides, and opportunities for nature-based tourism and recreation.

Natural capital assessments show where and how nature matters for human well-being and economic productivity. This information is essential for making decisions that secure or enhance these assets for economic 
and social development. WWF and the Natural Capital Project are developing preliminary national natural capital assessments for Myanmar, linking information on where natural capital is located to the people and 
infrastructure that depend on its benefits. These results can be the starting point for designing policies and plans that protect critical natural capital assets and avoid development that leads to harmful losses of 
ecosystem service benefits.

Current 
land cover

High

Low

Servicesheds

A serviceshed is an area that 
provides a particular ecosystem 
service to a specific beneficiary

For water-related services 
like clean drinking water, 
watersheds can also be 
servicesheds. In this 
example, if towns take 
their water from two 
points on the river, the 
areas upstream of those 
points (# 1 and 2) are 
servicesheds providing 
clean drinking water to 
those towns. 

Servicesheds can also apply 
to other ecosystem 
functions. The serviceshed 
for pollination is the 
distance that pollinators 
will fly to benefit crop 
production. In the case of 
carbon sequestration, the 
serviceshed is the whole 
world.

Natural Capital Project’s InVEST models were used to 
estimate  potential ecosystem services across Myanmar. 
Here are two results from applying the Sediment model to 
the current landscape: The first map shows the amount of 
erosion that is likely to end up in streams each year, reducing 
water quality. The second shows places where the landscape 
is retaining sediment, keeping it from eroding into streams, 
potentially providing a service to people.

Erosion on the current landscape

Forests help keep sediment 

out of reservoirs

Coastal habitats help protect 

people from storms

The InVEST Coastal Vulnerability model shows 
how coastal habitats such as mangroves, coral 
reefs and seagrass, help protect coastal 
populations from storms by decreasing 
flooding. The first map shows the locations of 
these three habitat types, and the second map 
shows the population density along the coast.

Combining 
population data with 
the model output 
shows where coastal 
habitats help reduce 
people’s vulnerability 
to storm erosion and 
flooding. 

The Sediment model can also show where 
forests help retain soil on the landscape 
so it does not end up in reservoirs, where 
it can impact drinking water sources and 
hydropower production. The first map 
shows some of the country’s dams and 
their servicesheds. The second shows the 
sediment retention service provided by 
the forests in those servicesheds.

If forests are lost in 
these servicesheds, 
more erosion will 
occur, impacting the 
dam reservoirs. The 
model predicts that 
each dam would see 
an increase in 
sediment, up to 7 
times the current 
amount.

Forests help keep drinking 

water clean

High

Low

The Sediment model can show where 
forests help keep soil out of streams, where 
it can impact people who rely on surface 
water for their drinking water supply. The 
first map shows how many downstream 
households use surface water. Combining 
this information with model results shows 
where forests provide the greatest service 
of keeping people’s drinking water clean.

If forests are lost, 
more erosion will 
enter streams, 
leading to a decrease 
in water quality. 
Modeling this change 
in erosion shows that 
all towns are likely to 
see an increase in 
sediment, some very 
large.

Stacie Wolny, Lisa Mandle (Natural Capital Project, Stanford University), Hanna Helsingen, Sai Nay Won Myint (WWF Myanmar), Nirmal Bhagabati (WWF US).



Spatial distribution of 17 urban systems overlaid on the Ecoregion coverage (8 
biomes in 7 countries) for data, knowledge, and forecasting synthesis. 

Conceptual framework for understanding drivers, process, 
and impacts of urbanization & sustainability

Research Questions: 
1. What are the spatiotemporal changes of 

urban expansion within transitional 
economies?

2. What are the key socioeconomic and 
biophysical drivers of urbanization and urban 
sustainability? More specifically, which 
institutional mechanism is unique and 
crucial? How well do our models and data 
explain these changes through the 
interactions and feedback mechanisms of 
human and natural systems? 

3. How well can we predict the changes in 
urban LCLUCs and functions based on the 
derived structure and functions of LCLUC, 
human systems, and natural systems?

4. What socioeconomic and institutional 
adaptations have been implemented and 
how effective have they been? What policy 
recommendations can be offered to enhance 
urban sustainability in the near future?

Urbanization and sustainability under global change and transitional economies: Synthesis from Southeast, East, and North Asia (SENA) 
Peilei Fan (PI) & Jiquan Chen (Co-PI), Michigan State University, 2015-2018, Grant #: NNX15AD51G

Key research findings (partial, from Fan et al, 2015 
Environmental Research)
(1)the co-evolution of urbanization, economic development, 
and environmental change; 
•while economic development serves as an essential driver for 
urban growth, its impact on urbanization seems to decrease 
over time 
•E.g., concentrations of air pollutants initially increased and 
then decreased as GDPpc increased, can be partly explained 
by the Environmental Kuznets Curve concept (air pollution 
first gets worse but then gets better when GDPpc increases)

(2) the urbanization of transitional economies has been driven 
by the change of the economic structure, i.e., the 
development by both manufacturing and tertiary sectors and 
the change in the primary sector.  This is different from either 
developed countries whose urbanization was mainly pulled by 
industrialization or from low-income, developing countries 
whose urbanization was pushed by poverty in rural areas. 
(3) the increasing integration with the global economy in the 
recent decade and the institutional force, despite the 
transition from central planning to the market paradigm, have 
stood out remarkably as key determinants for urbanization 

Principal Investigators: Peilei Fan and Jiquan Chen (Michigan State 
Univ.) 

Postdoctoral Researcher
Zutao Yang (Michigan State Univ.)

Collaborators: 
• Amarjargal Amartuvshin (Univ of Humanities, UB, Mongolia)
• Nguyen Dinh Duong, Nguyen Lam-Dao (Vietnam Academy of Sci. 

and Tech.)
• Nguyen Thi Thuy Hang (Vietnam National University)
• Tep Markathy and Sok Vanna (Cambodian Institute of Urban 

Studies & Pannasastra University of Cambodia); 
• Neang Thy (Ministry of Environment, Cambodia)
• Sengdeuane Wayakone (National Univ. of Laos)
• Outhailak Souphanthalop (Ministry of Natural Resources and 

Environment, Lao PDR)
• Vasaly Saly Sisavath (Ministry of Public Works and Transport, 

Lao PDR)
• Zaw Naing (Mandalay Technology, Myanmar)
• Zin New Myint (University of Yangon)
• Stephen Leisz (Colorado State Univ.), 
• Mingliang Liu (Washington State Univ.), 
• Tatiana Loboda (Univ. of Maryland, College Park), 
• Soe Myint (Arizona State U.)
• Annemarie Schneider (Univ. of Wisconsin-Madison),
• Joseph Messina, Dengsheng Lu, Nathan Moore, Ranjeet John 

(Michigan State Univ.)

SENA workshop in Ho Chi Minh City (HCMC), 
Nov. 4-6, 2015, 

• hosted by HCMC Institute of Resources Geography, 
Vietnam Academy of Science and Technology (HCMIRG of 
VAST) & Center for Global Change and Earth Observations 
(CGCEO), Michigan State University (MSU)

• 50+ participants, including 20+ from Vietnam, 40+ from 
SENA region, 9 US-based researchers, & 7 graduate 
students from Cambodia

• Identified key drivers for urban development in SENA
• Future scenario designs  for selected case cities
• Future research collaboration, data sharing and research 

plan

SENA workshop in Yangon 
June 20, 2015

• hosted by Mandalay Technology (Myanmar) & 
Center for Global Change and Earth Observations 
(CGCEO), Michigan State University (MSU)

• ~20 participants, mostly local from Myanmar
• Divided into 3 discussion groups
• Identified key drivers for urban development in 

Yangon in different stages since 1980s
• 3 Future scenario designs  for Yangon

Selected publications in 2015 (including both NNX09AI32G and NNX15AD51G )

Fan, Peilei. In Press. Producing and consuming urban planning exhibition halls in Contemporary China. 
Urban Studies. DOI: 10.1177/0042098014536627

Fan, Peilei, Chen, Jiquan, John, Ranjeet. (2016). Urbanization and environmental change during the 
economic transition on the Mongolian Plateau: Hohhot and Ulaanbaatar. Environmental Research 144: 
96–112. http://dx.doi.org/10.1016/j.envres.2015.09.020i

Fan, Peilei, Wan, Guanghua,  Xu, Lihua, Park, Hoguen, Xie, Yaowen, Liu, Yong, Yue, Wenze. (2015) Urban 
expansion and walkability of Chinese cities.  Report to Asian Development Bank. Manila: Asian 
Development Bank. 

Fan, Peilei, Xu,Lihua, Yue, Wenze, Chen, Jiquan.  Accessibility of public urban green space in an urban 
periphery: the case of Shanghai.  Revised and Resubmitted. 

Liu, Yong, Yue, Wenze, Fan, Peilei, & Song, Yan. 2015. Suburban residential development in the era of 
market-oriented land reform: The case of Hangzhou, China. Land Use Policy, 42, 233-243.

Photos for researchers:
Amarjargal Amartuvshin, Nguyen Dinh Duong , Nguyen Lam-Dao ,Nguyen Thi Thuy Hang, Tep Markathy , 

Sok Vanna, Outhailak Souphanthalop, Vasaly Saly Sisavath, Zaw Naing, Zin New Myint ,
Peilei Fan, Jiquan Chen, Joseph Messina, Nathan Moore, Dengsheng Lu, Ranjeet John,

Steve Leise, Mingliang Liu, Tatiana Loboda, Soe Myint, Annemarie Schneider, Zutao Yang

http://dx.doi.org/10.1016/j.envres.2015.09.020i
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Modelling the impact of climate change along with other 

drivers on  Land Cover Land Use Change and sustainable 

socio-economic development: A Case of Anantapur District

Sandeep Kumar Patakamuri and Krishnaveni. M

Centre for Water Resources, Anna University, Guindy, Chennai, India-600 025

Introduction

• Land Cover Land Use Change (LCLUC) is associated with various

societal, political, economic, biological and physical changes

through a series of transitions (Raskin et al, 2002).

• LCLUC is a complex phenomenon which occurs at spatial and

temporal scales as a result of many factors.

• The process of land use change is neither stochastic nor a

deterministic in nature. Transition needs to be considered as

development paths influenced by policy and other specific

circumstances (Martens and Rotmans, 2002).

• Understanding the drivers of LCLUC and developing better models

to predict future changes is an important challenge to the scientific

community (Elliott et al. 2010).

• There is a growing need for inter-disciplinary and multi-disciplinary

research to address the challenges in LCLUC modelling (Ellis,

2010).

• LCLUC in many places is a localized phenomenon, influenced by

global factors. Thus, modelling the regional changes and

integrating it to the regional and global level is a better way to

address the challenges.

Study Area

Work carried out so far 

Contact Information

Sandeep Kumar Patakamuri
Research scholar

Anna University

Chennai

India-600 025

Tel: +91-960 015 9878

Email: deepumails2006@gmail.com

• Anantapur district of Andhra Pradesh state, India is selected as the

study area.

• Consists of 63 sub-districts (Taluka).

• Geographical Area: 19,130 km2.

• Total Population: 40,81,148.

• Sex Ratio: 977 Female for 1000 male.

• Literacy Rate: 63.57%

• The second most backward and drought prone district in the

country.

• The district is dominated by shallow red soils with more than 78

percent coverage and the remaining area is covered by black soils.

INSERT

LOGO HERE

INSERT

LOGO HERE
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Figure 1: Location map of the study area

Research Questions

•What are the drivers that influence Land Cover Land Use Change?

•How does climate change impact Land Cover Land Use Change?

•What would be the future status of land cover and land use?

•What is the impact of LCLUC on socio-economic development?

Objectives

•Identifying the key drivers of land use/land cover change through 

literature review and participatory research techniques.

•Identifying suitable LCLUC model to predict the future status of land

resources.

•To model the impact of LCLUC on sustainable socio-economic

development.

0

500000

1000000

1500000

2000000

2500000

3000000

3500000

4000000

4500000

1901 1911 1921 1931 1941 1951 1961 1971 1981 1991 2001 2011

P
o
p
u
la

ti
o
n

Year

Population

Figure 2: Decadal population growth from 1901 to 2011 

Datasets

 Landsat imagery for generating LCLUC maps.

 Bio-Physical drivers

 Soil Type and depth

 Drainage density

 Elevation

 Slope and Aspect

 Road length and Railways length

 Socio-Economic drivers

 Household information

 Population

 Sex ratio

 Literacy rate

 Working population

 Education and health infrastructure

 Climate drivers

 Temperature

 Rainfall

Methodology

Figure 4: Methodology flow-chart

Figure 3: Land Cover Land Use map of 2004-2005 and 2013-2014

• Prepared Bio-Physical and Socio-economic datasets.

• Communicated with the local authorities and procured field level

meteorological data.

• Conducted questionnaire survey to identify the processes involved

in agricultural land use change.

• Conducted questionnaire survey to understand the farmers

awareness, perception, mitigation and adaptation capability

towards climate change.

Work to be executed

• To evaluate the driver data set.

• Identifying a suitable modelling for predicting LCLUC.

• Validating the results.

• Publication in peer-reviewed journal.
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Figure 5: Photographs during field visits

CLASS NAME 2004-2005 

(Area in Sq. Km)

2013-2014

(Area in Sq. Km)

BUILTUP 81.7073158 90.5963796

KHARIF 5614.9858 2424.86783

RABI 410.42131 874.499459

DOUBLE/TRIPLE 226.446316 359.149797

FALLOW 8242.68712 10720.6504

PLANTATION/ORCHARD 0 1.72851619

DECIDUOUS 221.131678 223.17319

SCRUB/DEGRADED FOREST 51.7194795 51.1457639

WASTELAND 944.983107 984.739109

GULLIED 1.07589947 2.73586338

SCRUBLAND 3307.39891 3300.25635

WATERBODIES 27.443067 96.4573086

TOTAL Area (Sq. Km) 19130 19130

Table: Area statistics of 2004-2005 and 2013-2014

Source: NRSC Source: NRSC

mailto:deepumails2006@gmail.com


The Global Observation of Forest and Land Cover Dynamics (GOFC-GOLD) partnership promotes use of satellite earth observations (EOs) to advance scientific knowledge. START 

and partners work to bridge capacity needs in the developing world related to EOs and their applications. The GOFC-GOLD partnership fosters organic networks of scientists and 

practitioners in Asia, Africa, Eastern and Central Europe and Latin America through promoting capacity building to enhance skill building and knowledge in remotely sensed data 

management and data and image analysis as well as through promoting knowledge and information sharing among the different regional networks. The GOFC-GOLD partnership 

also enables research collaborations between US and developing country scientists on land cover and land use change dynamics, including validation of NASA data sets and methods.

F O S T E R I N G  E A R T H  O B S E R VAT I O N  R E G I O N A L  N E T W O R K S  - 
I N T E G R AT I V E  A N D  I T E R AT I V E  APPROACHES TO CAPACITY BUILDING

1. South-Central European Regional International Network (SCERIN)  2. Northern Eurasia Regional International Network (NERIN)  3. Baltic-Arctic Regional International Network (BARIN)  4. Red Latinoamericana de Teledeteccion 
e Incendios Forestales (RedLaTIF)  5. Southern African Fire Network (SAFNET)  6. Miombo (South Africa) Land Use Land Change Network (Miombo)  7. Western Africa Regional Network (WARN)  8. Observatoire Satellital des 
Forets d’Afrique Central (OSFAC)  9. Southeast Asia Regional Research and Information Network (SEARRIN)  10. Central Asia Regional Information Network (CARIN)  11. South Asia Regional Information Network (SARIN)  
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ASSESMENT OF FOREST COVER CHANGE DYANAMICS
Shukla Acharjee

Center for Studies in Geography

Dibrugarh University

STUDY AREA: The study area covers the entire Northeast part of

India which needs an urgent need for actions that promote the

conservation and sustainable use of the region’s endangered forest and

watersheds. The regions forest are experiencing an extensive process

of forest fragmentation, degradation and outright deforestation and

forest conservation.

OBJECTIVES:
• to assess the forest cover change dynamics in the study area

MATERIALS:

All the data and statistics are used from open source

http://bhuvan.nrsc.gov.in/gis/thematic/index.php

Figure 1: Study area Northeast India

Area in 

1999

Area in 

1997 Change

Area in 2011-

2012 Area in 2005-2006 Change

Arunachal Pradesh 68847 68602 +245 61269.87 59193.47 +2076.4

Assam 23688 23824 -136 33848.06 33435.68 +412.38

Manipur 17384 17418 -34 16278.74 16072.77 +205.97

Mizoram 18338 18775 -437 19417.29 18556.54 +860.75

Table-1 Forest cover change in sq km.

RESULTS: In northeastern region about 450,000 families annually cultivate 10,000 km2 forest whereas total area affected by

jhumming is 44,000 km2. Degraded secondary forest, bamboo thickets and weeds or simply barren land dominate jhum scapes

and as hill farmers shift to such cash crops as ginger, pineapple and broom grass, lands once allowed to regenerate as forests are

permanently converted to agriculture, reducing total forest cover. It has found that in Assam, Manipur and Mizoram there is

decrease in forest cover during 1997 to 1999 (Table-1). During 2005 to 2012 all the four states shows a positive change in forest

cover confirming Government initiative in afforestation drive on jhum lands.

CONCLUSION:

Though an increase in the forest cover is a positive change during 2005 to 2012 but it has been observed that built-up land is

increasing and agricultural land, open space is decreasing thereby an increase in flash flood is witness in recent times in many

urban centers.

Figure 2: Landuse map map of Assam

and Arunachal Pradesh 2005-2006

and 2011-2012

Figure 2: Landuse map map of Manipur and Mizoram 2005-2006

and 2011-2012
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ABSTRACT

 Role of digital softcopy with current mapping tool

 Advancement of Digital Camera and Sensor

 Usage of fully digital imagery instead of scanned photo

 Process of digital orthophoto production

INTRODUCTION

 Rapid development of technology in the field of photogrammetry

 Map was only the basic foundation of GIS in the past

 Digital orthophoto become an important part of spatial databases

 Basic idea to get accurate spatial information from aerial photo product

 Highlight to orthophoto images rather than single aerial images

BACKGROUND

 Main responsibility and future plan of Survey Department ,MOECAF

 A servicing  one to render services to the government departments and enterprises

 Distribution  of  aerial photos to Universities, Organizations and Private Agencies



Photography Mission

GNSS Support Aerial Photography

UltraCam-Eagle Digital Camera

Image Processing

Processing with Raw Images

(Level-0 to Level-02)

UltraMap (RDC)

Radiometry

Processing with Level-02 images

UltraMap (RAD)

Data Processing

Processing with  GNSS, IMU

Airborne Data and GCPs

Applanix POSpacMMS

GPS Field Observation

GPS Data Acquisition with and 
without Targets

Trimble R10

Flight Planning

The Tracker’s

SnapPLAN

Aerial Triangulation

Processing with Level-02 images

UltraMap (AT)

Signalized GPS 

Data (GCPs)

Trimble Business Center

Generate BaseLayer

Generate Low Resolution DSMOrtho 

Dense Matching

Generate Point cloud DSM/DTM 

Ortho Pipeline

Generate Final Ortho Mosaic

UltraMap (OP)

DSM Ortho 

Tiled Ortho images
Seamline Editing

DTM Ortho 

Tiled Ortho images

Export

DTM Ortho Geotif

Export

DSM Ortho Geotif

WORKFLOW OF DIGITAL ORTHOPHOTO PRODUCTION

Acquisition

Production



Data Processing

Image Processing

Aerial Triangulation Adjustment

Orthophoto Production

MATERIALS  AND METHODS

Seam Editing



RESULT AND OUTPUT 

 Several tiles which are 400 square meters at 30 cm resolution on each tile

 2070 tiles in 120 images for a 1: 50000 scale UTM national map

 30 cm GSD is possible to see each land parcel boundary (paddy dyke) on image



CONCLUSIONS

 Good interpretation for extraction GIS spatial data

 High accuracy digital orthophoto rely on large scale high resolution image, 

high precision Control Points

 The resolution of digital aerial photos is mostly higher than satellite band image

and good for high accuracy works like parcel based GIS

 Take up time and costly to get aerial photos and preparation phases

REFERENCES

DISCUSSION

 The important of the accuracy of the original images

 Precision depend upon full photogrammetric process

 True advantage is user to predict the accuracy beforehand
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Evaluation of decadal Land Cover and Land Use Changes (LCLUC) over last 50 years in High 
Altitude Regions of Garhwal Himalaya and Assess their Impact on Vegetation Distribution 

in different altitudinal zones using Geospatial Techniques 

1979

High Altitude Regions of 
Garhwal Himalaya

Field Visit in 2012, 
2013 and 2014

Yogita Shukla, P J Navin Kumar, Vasudeva Rao, P L N Raju, Shalini Singh, P S Roy



Monitoring of Urban Expansion  
in Mandalay City 

Zin Mar Lwin, Kyaw Zaya Htun, Myint Myint Khaing 
Remote Sensing Department, Mandalay Technological University 

dr.zinmar80@gmail.com, kyawzaya.htun@gmail.com, drrmmkhaing@gmail.com  

Introduction 
Urban expansion is the one of 
the challenge in the developing 
countries as it takes place due 
to rapid population growth, 
economic development and 
infrastructural development 
initiatives.[1] 
This study is carried out to 
monitor land use/ land cover 
and urban expansion during 
2001-2015. 

Built up Land Features Extraction from NDBI 
NDVI= BUI-NDVI 
BUI= MidIR(band 5)-NIR(band4)/MidIR(band5)+NIR(band4) 

References:[1] Manish Kumar, D.K. Tripathi, “Spatial Monitoring of Urban 
Growth of Nagpur City(India) using Geospatial Techniques. 
[2] Amrit. K, Subodh.C.P, “Urban Growth Monitoring and Analysis of 
Environmental Impacts on Bankura-I and II Block using Landsat Data 

Results &Discussion 
• During study period, built up area is    
   more expanded toward South and   
  South East part of Mandalay    
   municipal boundary according to   
   directional change map. 
• Urban expansion area is increased   
   17.54 sq-km and rate of  expansion is   
   1.2 km2/year.         . 
• Normalized Built up Index (NDBI) is  
   useful  for built up area  extraction. 
• Remote Sensing & GIS technique is 
powerful tool to monitor urban expansion. 

 



Analysis of Land Cover Change Detection Using Landsat Images in Paukkaung Township Area
by Aung Myo Win , Assistant Lecturer

University of Forestry, Yezin, Naypyitaw

INTRODUCTION 

 Deforestation strongly influences the occurrence of global warming and also leads to a reduction in biodiversity,

disturbances in water regulation, and destruction of the livelihood of farmers (Doug et al., 2011; Haughton, 2005).

 Reducing deforestation would not only reduce GHG emissions, but would also provide additional benefits to the

climate (Ecorys et al., 2010).

 Programs that aim to reduce the emissions from deforestation and forest degradation are being considered as a cost-

effective way to mitigate anthropogenic GHG emissions (Werf et al., 2009).

 For this purpose, forest monitoring is an important tool for evaluation of the state of forest resources, carbon

sequestration, and forest management programs.

 The remote sensing (RS) technique using satellite imagery has been recognized as an effective and powerful tool in

monitoring and detecting land use and land cover changes (Duong, 2004; Pol and Marvine, 1996; Sader et al., 2001).

 By using satellite image data, the geographic information system (GIS) and RS technique comprise a valuable tool for

the detection and prediction of changes in forest cover and the identification of areas under risk of invasion

(Adubofour, 2011).

 According to the 2010 Forest Resources Assessment (FRA 2010) report, Myanmar is included in the list of ten countries

with the largest annual net loss of forest area between 1990 and 2010.

 Although Myanmar has established more than 30,000 hectares of various types of forest plantations and has

conducted forest conservation operations, it is needed to make the assessment of forest cover changes at the

township level.

OBJECTIVES

 To assess the loss and gain of forest cover status and to detect how it changed in the Paukkaung township area

from 1999 to 2013 by using RS and GIS technology

 To demonstrate the analysis of the land cover change detection in township level by using Landsat satellite

images .

MATERIALS AND METHODS

 Paukkaung township area was choosed as study area.

 Use Erdas 8.7 software, landsat satellite images taken at 1999, 2003, 2006, 2009, 2013.

 Post-classification change detection method was used. In post-classification comparison method, images of 

different dates were initially classified and individually labeled. Then, the classified images were compared 

and the data on the changed areas were extracted (Eric and Adubofour, 2012; Serra et al., 2002)

 Supervised classification method for land cover classification.

 Field ground truth data collection to get reference for each class of area of interest.

 Accuracy assessment expressed by user’s accuracy, producer’s accuracy, overall accuracy, and Kappa.

Producer’s accuracy refers to the probability that a certain land cover of an area on the ground is classified as 

such, whereas user’s accuracy refers to the probability that a pixel labeled as a certain land cover class in the 

map is really of this class (Congalton, 1991). Kappa values range from 0 to 1 and those > 0.75 indicate strong 

agreement (John et al., 2002)

Class 1999 2003 2006 2009 2013
Closed forest (ha) 5,789 4,665 3,316 2,998 2,364 
Closed forest percent 3.03 2.44 1.73 1.57 1.24 
Open forest (ha) 38,374 30,017 22,645 17,091 14,685 
Open forest percent 20.06 15.69 11.84 8.93 7.68 
Shrubs (ha) 68,787 73,166 74,636 69,143 72,560 
Shrubs percent 35.96 38.25 39.01 36.14 37.93 
Agriculture (ha) 64,938 69,244 75,066 83,120 87,116 
Agriculture percent 33.95 36.20 39.24 43.45 45.54 
Other (ha) 6,559 6,746 8,583 10,272 7,369 
Other percent 3.43 3.53 4.49 5.37 3.85 
Water (ha) 6,855 4,464 7,055 8,680 7,208 
Water percent 3.58 3.90 3.69 4.54 3.77

RESULTS AND DISCUSSIONS

Summary of classification statistics for 1999, 2003, 2006, 2009 and 2013
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Yr Accu CF OF SH AG OT WT Overall Kappa

19
99 Produ 90.48 70.23 75.00 80.43 88.00 96.77

82.00 0.783
User's 63.33 85.29 71.05 97.37 73.33 100.0

20
03 Produs 96.15 81.58 88.33 85.37 95.00 87.88

87.00 0.843
User's 83.33 93.94 89.74 92.11 63.33 96.67

20
06 Produ 86.21 87.50 80.49 79.55 84.62 96.43

85.00 0.819
User's 83.33 87.50 86.84 92.11 70.97 87.10

20
09 Produ 85.71 74.29 76.92 85.71 82.76 100.0

83.50 0.801
User's 80.00 83.87 78.95 92.31 77.42 87.10

20
13 Produ 67.86 76.00 83.33 91.53 83.33 100.0

84.50 0.806
User's 95.00 73.08 76.92 93.10 68.18 100.0

2003

19
99

Class
Closed
forest

Open
forest

Shrubs Agri Other Water Total

Closed forest 1,811 1,570 2,405 1 1 0 5,789
Open forest 1,874 20,842 12,481 3,054 91 32 38,374
Shrubs 980 6,561 49,184 11,227 710 126 68,788
Agriculture 0 1,037 7,523 53,562 2,379 437 64,938
Other 0 7 1,461 1,377 3,391 322 6,558
Water 0 0 112 23 173 6,547 6,855
Total 4,665 30,017 73,166 69,244 6,745 7,464 191,302

2006

20
03

Class
Closed 
forest

Open 
forest

Shrubs Agri Other Water Total

Closed forest 10,40 2,005 1,607 10 2 0 4,664
Open forest 721 15,760 11,229 2,275 33 0 30,017
Shrubs 1,555 4,559 53,099 11,995 1,880 78 73,166
Agriculture 0 318 8,198 58,466 2,050 211 69,244
Other 1 4 420 1,972 4,090 260 6,746
Water 0 0 83 348 527 6,506 7,464
Total 3,316 22,645 74,636 75,066 8,583 7,056 191,302

2009

20
06

Class
Closed 
forest

Open 
forest

Shrubs Agri Other Water Total

Closed forest 309 149 2,835 1 1 21 3,316
Open forest 2,036 11,531 8,266 754 58 0 22,645
Shrubs 642 3,783 49,624 17,706 2,619 262 74,636
Agriculture 10 1,586 6,723 63,089 3,073 586 75,067
Other 1 38 1,677 1,517 4,328 1,021 8,582
Water 0 5 18 53 192 6,788 7,056
Total 2,998 17,091 69,142 83,121 10,272 8,680 191,302

2013

20
09

Class
Closed 
forest

Open
forest

Shrubs Agri Other Water Total

Closed forest 431 1,673 864 29 1 0 2,998
Open forest 411 6,712 9,053 875 38 4 17,091
Shrubs 1,520 6,197 45,628 14,544 1,136 116 69,142
Agriculture 1 91 14,667 66,129 2,157 76 83,120
Other 1 12 2,144 4,296 3,693 127 10,272
Water 0 0 205 1,244 344 6,887 8,680
Total 2,364 14,685 72,560 87,116 7,369 7,208 191,302

2013

19
99

Class
Closed 
forest

Open 
forest

Shrubs Agri Other Water Total

Closed forest 581 1,498 3,650 57 3 0 5,789
Open forest 970 9,770 23,283 4,210 99 42 38,374
Shrubs 808 3,268 39,094 24,359 1,056 203 68,787
Agriculture 4 146 6,041 55,855 2,673 218 64,938
Other 1 2 422 2,524 3,306 304 6,559
Water 0 0 70 112 231 6,442 6,855
Total 2,364 14,685 72,560 87,116 7,369 7,208 191,302

Summary of classification accuracy (%) and KAPPA statistics

Maps showing the forest cover change pattern

CONCLUSION

 Land cover succession was analyzed by the remote sensing
technology using Landsat satellite images.

 Over time, closed and open forest areas were changed mostly to the
shrub cover type, whereas shrub cover changed to agricultural land.

 Therefore, the agricultural land area is expanding every year, mostly
from shrub land covers. This also implies a decrease in vegetation
due to anthropogenic activities occurring in the study area.

 Some of the agricultural areas returned to shrubs and some of the
shrub areas were reforested into closed and open forests.

 However, from the existing 5,789 ha of closed forest and 38,374 ha of
open forest area in 1999, only 2,364 ha of closed forest and 14,685
ha of open forest were remained in 2013.

 During the 14 years period, average of annually 1,667 ha of forest
area disappeared from the existing amount of 112,950 ha, means
1.47% of annual deforestation rate and it can also be concluded that
there is not only a high degree of deforestation but also highly severe
forest degradation in the study area.

 More forest conservation and regeneration operations should be
immediately conducted in the Paukkaung township area to prevent
further severe deforestation.

Matrixes of Land cover Changes (hectare)


