
Source: https://www.un.org/Depts/Cartographic/map/profile/mekong.pdf

Spatial Analysis of 
the Greater Mekong Subregion 
for Sustainable Development

Souknilanh Keola and Kenmei Tsubota

1The views expressed in this presentation are the views of the author and do not necessarily reflect the views or policies of the Asian Development Bank Institute (ADBI), the Asian Development Bank (ADB), 

its Board of Directors, or the governments they represent. ADBI does not guarantee the accuracy of the data included in this paper and accepts no responsibility for any consequences of their use. 

Terminology used may not necessarily be consistent with ADB official terms.



Spatial Analysis of 
the Greater Mekong Subregion 
for Sustainable Development

Evolution of spatial developments in the 
GMS
• Disaggregated regional data are not easily 

available from national statistics systems. 
• Available census and survey data are not

sometimes comparable. 
• Timing of the census and surveys may be 

different. 

➔We should look for better data.
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Image of nighttime light
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Remote sensing data is a set of picture data taken from 
satellites. Data is available from 1992

• Night = Nighttime light (NTL)
- Nighttime light is a good indicator for socio-economic activities

- Large clusters of NTL are found in Bangkok, Hanoi, Ho Chi Min city, 
and Kunming.

- Small clusters of NTL are found in Cheng Mai, Vientiane, Phnom 
Penh, Mandalay and Yangon.

• Day = Land cover (Land utilization) 
- Urban area for human settlements

- Crop area for agricultural activities

- Forest area for natural endowments

• Comparability and consistency is guaranteed
• Data period is from 1992 to 2012. 

• Data for 2012-2018 shall be added sooner than later. 

Data source: Defense Meteorological Satellite Program –
Operational Linescan System

Image of Nighttime light (NTL)

Data source: European Space Agency, Climate Change Initiative
Image of land cover 

Solution: Look at the subregion from space



Unit: times

Growth of forest areas 
from 1992 to 2012

Data source: Defense Meteorological Satellite Program - Operational Linescan System

Unit: times

Growth of urban areas 
from 1992 to 2012

Unit: times

Growth of light intensity 
from 1992 to 2012

Unit: times

Urban areas are expanding⇗ Maps   4

⇘GMS is becoming brighter at night

Data source: European Space Agency, Climate Change Initiative



Crop areas are expanding in forest areas⇗

Unit: times

Growth of forest areas 
from 1992 to 2012

Maps  5

⇘Deforestation: Forest areas are shrinking

Data source: European Space Agency, Climate Change Initiative

Unit: times

Growth of croplands 
from 1992 to 2012



What were the drivers of the growth?
• What are impacts of Economic Corridors?

• There are endogeneity issues between the major roads and economic 
growth. 

• Faber (2014) examined the impacts of Chinese trunk highway by 
estimating the growth of Regional GDP and the highway networks. He 
employed IVs for the highway networks as least cost path tree networks
and shortest distance networks of major cities. 

• Following Faber (2014), we estimate the changes of GMS in relations to 
the economic corridors. 
• We construct least cost path tree networks for major points (capital cities, major 

secondary cities, ports and border customs).
• We employ remote sensing data such as nighttime lights, and land cover (urban, 

forest, croplands)
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Faber, B. (2014) Trade Integration, Market Size, and Industrialization: Evidecefrom China's National Trunk Highway System, Rev. Econ. Stud., 81, pp1046-1070.



Least cost path tree networks

• Taking the physical geography of elevation 
and land covers as given, we calculate the 
optimal route between any points of 
concerns. Then we apply the algorithm to 
connect all targeted nodes on a single 
continuous network with least total cost.

• Major points in GMS for Economic 
Corridors planning were capital cities, 
major secondary cities, ports and border 
customs, shown as the green markers. 

7

Black line: Least Cost Path Tree Network
Red line: Economic Corridors



What are the impacts of Economic Corridors?

• Following Faber (2014), we estimate the growth of NTL, and the 
changes in land utilization by linking to the corridor networks. 
We construct least cost path networks by constructing from the 
terrain data. 

𝑙𝑛 𝑁𝑇𝐿𝑟𝑖
2012 − 𝑙 𝑛 𝑁𝑇𝐿𝑟𝑖

1992 = 𝛼 + 𝛽𝐶𝑜𝑟𝑟𝑖𝑑𝑜𝑟𝑟𝑖 + 𝜂𝑋𝑟𝑖 + 𝜖𝑟𝑖

• Control variables include area size, share of urban land use as of 1992,  a 
dummy variable for major points, and the shortest distance to the nearest 
major point.

• Country-fixed effects are always included. 
• Standard errors are clustered at province/state level (adm1). 
• Two samples: with full observation and with restricted observations 30km  

or more apart from major points. 
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Results for Nighttime lights
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Sample size: 
First three estimations for each variable use full-sample. 
The last estimation use restricted sample for the regions whose distance from the nearest major point(capital cities, major secondary 
cities, ports and border customs) is more than 50kms. 



Results for Land utilization
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Sample size: 
First three estimations for each variable use full-sample. 
The last estimation use restricted sample for the regions whose distance from the nearest major point(capital cities, major secondary 
cities, ports and border customs) is more than 50kms. 



Econometric Results 
• Nighttime lights

• The growth were not restricted to the regions with economic corridors. 
• The regional spreads of lit areas were widely observed in rural 

regions, regardless of the presence of economic corridors. 

• Land utilization
• Urban growth was observed at the regions on the Economic Corridors 

but not statistically significant. Though the variations in changes in 
forests and crop areas are larger in the regions on the Economic 
Corridors, results were not statistically significant. 

• In summary
• Results didn’t show the clear impacts of Economic Corridors. 
• The growth of regions may not have been strongly related to the 

Economic Corridors. 
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• Integrated spatial planning for agro-forest, industry, and 
environment is desirable

• Integrated spatial planning requires regional cooperation and 
coordination within and among countries. 

• For such planning, developing regional indicators based on remote 
sensing data should be helpful. 

⇒ Observations on nighttime light in the GMS:

• NTLs were highly concentrated in urban area, and were spatially spreading to rural.

• Growth of NTLs in rural areas was faster

⇒ Observations on landcover data in the GMS:

• Urbanization was very fast. 

• Deforestation was widely observed. Forests were converted into crop lands. 
12

Policy Implications
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Further points for discussions

• The results may be interpreted as the regional convergence.
• As the rural regions exhibited growth in the number of lit areas and lit intensity, 

the gaps between rural and urban may be shrunken. 

• There are two thresholds hindered in the nighttime data.
• Specifically, DMSP-OLS has 63 scales, but it is pointed out the blurredness and 

non-preciseness. Also, higher values are top-coded and small values cannot be 
captured. These shall affect our results. 

• Landcover data has various other dimensions.
• We focused on urban, forest, and croplands because these categories can bring us 

the most meaningful policy implications. However, there are other uses as well. 
Thus, only focusing on these elements would lead us over-evaluation of one of 
the directions.  
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Summary statistics

15



Summary statistics in detail
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Supplementary plots (not for presentation)

17Left) Not on the economic corridors, Right) On the economic corridors

Lit area Lit intensity



Supplementary plots (not for presentation)

18Left) Not on the economic corridors, Right) On the economic corridors

Urban area Forest area Crop area


