
Assessing the Quality of Infrastructure 
through the Lens of Nighttime Lights –
A Showcase 

Xuehui Han, Senior Economist

June 3, 2019

1The views expressed in this presentation are those of the authors and do not necessarily reflect the views and 
polices of the Asian Infrastructure Investment Bank.



Outline

• Introduction to AIIB; 

• Data needed to measure Infrastructures;

• A showcase using historical nighttime light data assess the quality 
of infrastructure.
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Introduction to AIIB
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Data needed to measure Infrastructures
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• Limited statistics available for infrastructure investments:

• Money Metric Measurement;

• Physical measurement.

• Limited data on cross-border connectivity:

• Cross-border roads, railways, grid, air-routes, etc.

• New areas: 

• Geographical locations at the project level;

• Statistics/measurements on ESG;

• Statistics/measurements on the impact of Climate Change;

• Nighttime lights. 
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A showcase using nighttime light data assess 
the quality of infrastructure
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“Quantity is important…but quality is the most 
important thing.”

“I want to move forward on the basis of 
prudence and the basis of meticulous study.”

Liqun Jin, President of AIIB                                                                             
Interview by Reuters on February 12, 2019



Why use the nighttime lights?

• Source: Henderson, Storeygard, and Weil (AER, 2012) 12

• An unbiased 
source;

• Flexible with the 
geographic 
scope.



• Jinghu Expressway (京沪高速公路) starts 
from Beijing and ends in Shanghai, linking 
Beijing, Tianjin, Hebei, Shandong, Jiangsu, and 
Shanghai.

• The total length is around 1262 km.

• The construction started in 1987. In November 
2000, the whole line was completed.
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1992 vs. 2000
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http://www.arcgis.com/home/webmap/viewer.html?url=https%3A%2F%2Fgis.ngdc.
noaa.gov%2Farcgis%2Frest%2Fservices%2Fdmsp%2Favg_lights_x_pct%2FImag
eServer&source=sd



Questions:

• (1) Whether are the nighttime lights gettering brighter;

• (2) How long does it take for the nighttime lights to become 
brighter;

• (3) What are the rankings of economies in terms of the 
effectiveness of the  infrastructure investments;

• (4) What are the relationships between debt and effectiveness?

15



Literatures review

• Henderson, Storeygard, and Weil (AER, 2012) use aggregate brightness during nighttime, 
as seen from outer space, as an indicator of economic activity. 

• Pinkovskiy and Sala-i-Martin (QJE, 2016) use nighttime light as an instrument to realign 
the economic development based on the national account and based on household 
surveys. 

• Strong correlations between nighttime light and electricity consumption were also found 
by Proville, Zavala-Araiza, and Wagner (PLOS ONE, 2017).

• AidData (2018) matched the nighttime lights with the location of China-financed 
infrastructure in developing countries to assess the latter’s impact on economic growth 
and inequality. 

• The Intensity of light in nighttime satellite images is used as a proxy for power 
infrastructures by Ghai, Ismail, and Pakala (Stony Brook University, 2018).
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Data

• Nighttime lights data: Version 4 DMSP-OLS Nighttime Lights Time Series from 1992 
to 2013 provided by the US National Oceanic and Atmospheric Administration (NOAA) 
at http://ngdc.noaa.gov/eog/dmsp/downloadV4composites.html;

• Infrastructure Data: 
• Calderón, C., E. Moral-Benito and L. Servén (2014) "Is Infrastructure Capital 

Productive? A Dynamic Heterogeneous Approach", Journal of Applied Econometrics:

Paved roads: total length of paved roads in kilometers per thousand workers;
Electricity: electricity generating capacity in gigawatts per thousand workers;
Rails: total length of rail in kilometers per thousand workers.
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Methodology

• Rolling window approach:

• Based on the data availability, we choose the lags of infrastructures such as paved 
roads as 𝑙 = 1,2, … 10 and the heads of nighttime light as ℎ = 1,2, … 13.
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Correlations between the infrastructure 
investments and the brightness of lights
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• Calculate correlations between the changes in infrastructures from 
to and the changes in brightness of lights from and with 

for each combination of and . 

• Selection criteria:  

• 1. The correlations are positive;

• 2. The correlation estimates are significant at least at 10%.



On paved roads …

Heads of Light 
Brightness ℎ 1 2 3 4 5 6 7 8 9 10 11 12 13

Lags of 
changes in 

Paved 
Roads 𝑙

1 3 8 5 4 13 9 5 4 7 3 9 9 6
2 3 10 8 9 11 12 12 10 11 5 8 9 7
3 2 5 11 11 20 13 17 14 14 3 7 10 7
4 0 5 4 12 17 12 12 12 9 2 6 7 6
5 1 3 3 12 13 14 11 7 6 2 5 9 6
6 1 4 6 10 14 13 6 8 7 5 5 9 6
7 0 7 6 9 14 11 8 8 7 3 5 5 4
8 0 5 6 11 15 9 10 9 11 2 3 7 5
9 0 3 5 10 12 11 8 7 6 2 2 6 4
10 1 1 4 8 9 10 8 6 8 2 3 6 7
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Table 1. Number of countries with significant positive correlations between changes in the paved road and 
changes in brightness of lights with 𝑁 ∈ 90, 95



On electricity…

22

Table 2. Number of countries with significant positive correlations between changes in 
electricity generated and changes in brightness of lights with 𝑁 ∈ 90, 95

Heads of Light 
Brightness ℎ 1 2 3 4 5 6 7 8 9 10 11 12 13

Lags of 
changes in 
Electricity 

Generated 𝑙

1 5 4 0 3 6 7 5 3 4 3 4 8 0
2 3 6 5 8 5 11 6 6 8 6 7 9 7
3 2 8 7 5 4 8 7 6 7 6 9 9 8
4 3 7 5 4 5 8 5 8 8 4 8 7 4
5 1 4 2 2 4 8 9 7 6 8 10 8 7
6 1 3 2 4 5 15 7 11 9 7 9 9 7
7 1 5 4 5 9 14 12 10 10 11 7 9 3
8 1 5 6 4 6 11 14 13 11 9 6 7 4
9 2 3 6 3 4 13 14 14 9 7 5 6 6
10 3 5 4 2 7 12 13 11 11 8 3 7 1



On rails …
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Table 3. Number of countries with significant positive correlations between changes in rails 
and changes in brightness of lights with 𝑁 ∈ 90, 95

Heads of Light 
Brightness ℎ 1 2 3 4 5 6 7 8 9 10 11 12 13

Lags of 
changes in 

Rails 𝑙

1 5 2 1 1 4 3 3 2 1 2 2 1 1
2 2 4 4 4 5 4 2 5 5 4 2 5 7
3 1 6 4 8 7 9 5 8 7 4 4 7 5
4 1 4 0 9 7 8 6 8 6 6 7 8 6
5 1 4 3 4 4 11 10 7 9 7 5 9 6
6 2 2 0 7 5 11 9 7 5 6 4 5 5
7 1 2 0 6 3 11 7 3 5 4 5 6 5
8 0 4 3 6 5 12 7 3 7 6 6 5 8
9 2 2 2 7 8 12 7 4 5 9 7 5 6
10 0 2 2 7 9 11 9 6 11 4 7 4 3



Observations

• The frequency of significance: paved roads (953), electricity generated 
(842), and rails (661).

• Different combinations of [ ] to have the most number of countries 
with significant correlations:

• [3, 5] for paved roads (with a number of obs. as 20); 

• [6, 6] for electricity generated (with a number of obs. as 15);

• [8/9, 6] for rails (with a number of obs. as 12).
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Measure the effectiveness of infra investment 
using differences between the changes in light 
brightness and the changes in infrastructure 
investment
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Measure the effectiveness of infra investment using the difference between the 
changes in brightness and the changes in infrastructure investment

• ௜,௧
௟௛ ௅௜௚௛௧೔,೟శ೓

௅௜௚௛௧೔,೟

ூ௡௙௥௔೔,೟

ூ௡௙௥௔೔,೟ష೗

where t ∈ 1992, 2000 , the lags of infrastructure investment  𝑙 = 1,2, … 10, and the heads of nighttime 
light ℎ = 1,2, … 13.

• 𝑅௜,௧
௟௛ is the difference between the annualized growth rate of light brightness and the annualized growth rate 

of infrastructure investment. 

• Higher 𝑅௜,௧
௟௛ indicates that the infrastructure investment is more effective in terms of bringing higher 

economic growth (measured by lights). 
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Growth Rate Difference between Light and Paved Roads (annualized %)

• file:///C:/Users/xuehui.han/Dropbox/Data/Nightime%20Lights/plotly%20plot/proads.html
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• Countries with a high 
value of median 𝑅௜,௧

௟௛ (%):

Liberia (15.19),

Honduras (8.79),

Mozambique (7.96),

and Cote d ’vote (7.25).



Growth Rate Difference between Light and Electricity (annualized %)

• file:///C:/Users/xuehui.han/Dropbox/Data/Nightime%20Lights/plotly%20plot/Electricity.html
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• Countries with a high 
value of median 𝑅௜,௧

௟௛ (%):

Liberia (18.47),

Cote d ’vote (10.85),

Congo (8.22),

Mozambique (7.36),

and Sierra Leone (5.16).



Growth Rate Difference between Light and Rails (annualized %)

• file:///C:/Users/xuehui.han/Dropbox/Data/Nightime%20Lights/plotly%20plot/Rails.html
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• Countries with a high value 
of median 𝑅௜,௧

௟௛ (%):

Liberia (18.99),

Honduras (15.22),

Cote d ’vote (10.53),

Congo (10.41),

and Mozambique (8.12).



Observations

• Rails are the most effective infrastructure investments, followed by electricity:

• Most of the countries in the sample have positive median 𝑅௜,௧
௟௛.  

• Paved roads show large heterogeneities in terms of effectiveness: 

• Large negative 𝑅௜,௧
௟௛ for countries such as Iran, Korea, Congo, and the Gambia.
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Debt and Effectiveness of Infrastructure
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Debt and Effectiveness of Infra - Paved Road 
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• Upper-bound: the maximum 𝑅௧
௟௛ for each 

country 𝑖.  

• Lower-bound: the minimum 𝑅௧
௟௛ for each 

country 𝑖.  



Debt and Effectiveness of Infra - Electricity
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Debt and Effectiveness of Infra - Rails 
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Observations for Infra-induced Brightness of Lights and Debt
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• Paved roads: 
• Upper-bound (best performing country-episodes): 

• Effectiveness of the investments increases along with government debt till a certain level;
• Lower-bound (worse performing country-episodes): 

• No clear relationship.

• Electricity generated: 
• Upper-bound: 

• Effectiveness of the investments increases along with the government debt;
• Lower-bound: 

• No clear relationship between the effectiveness of the investments and debt;
• But sharp contractionary measure by reducing debt might worsen the worst. 

• Rails: 
• Upper-bound:

• Effectiveness of the investments increase along with the government debt;
• Lower-bound: 

• High debt levels do associate with worse effectiveness of investment.



Caveats

• The economic benefits were not assessed based on the geographical 
locations of each project but at an aggregated level;

• The time coverage of the analysis is limited (1992-2013), which might 
not reflect the on-going dynamics;

• No causal relationship was examined;

• This is a check of one-to-one association between economic return and 
infrastructure investments, which is not based on a comprehensive 
multivariate analysis.  
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Next Steps…

• Acquire more up-to-date data and the project level data (AidData, Fitch, etc.);

• Examine the impacts at project level;

• Investigate the causal relationship;

• Introduce the multivariate framework to examine what the factors are behind the upper-
bound episodes. 
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THANK YOU.
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