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The ‘city/organism’
similitude through a 

nighttime lights 
perspective

“Eyes mark the shape of the city. 
Through the eyes of a high-flying 

night bird, we take in the scene 
from midair. In our broad sweep, 
the city looks like a single 
gigantic creature—or more like a 
single collective entity created by 
many intertwining organisms.
Countless arteries stretch to the 
ends of its elusive body, 
circulating a continuous supply of 
fresh blood cells, sending out new 
data and collecting the old, 
sending out new consumables and 
collecting the old, sending out 
new contradictions and collecting 
the old. To the rhythm of its 
pulsing, all parts of the body 
flicker and flare up and squirm. 
Midnight is approaching, and 
while the peak of activity has 
passed, the basal metabolism that 
maintains life continues 
undiminished, producing the 
basso continuo of the city’s moan, 
a monotonous sound that neither 
rises nor falls but is pregnant with 
foreboding.”
–Haruki Murakami, After Dark



Message 1: NTL sensors were not 
created with a science of cities in 

mind
• Sensors “mark the shape of the city” …in some ways by 

accident and not by design
• Sensors are flown on Defense Meteorological Satellite 

Program (DMSP) satellites.
• Satellites equipped with Operational Linescan System 

(OLS) instruments: designed as a cloud imager!
• Anthropogenic lighting is also detectable at night.
• Digital OLS data archived at the National Geophysical 

Data Center (NGDC) from 1992. (Non-digitized OLS is 
available into the ’80s)



Basic characteristics and 
limitations of stable NTL data

• Each 1km grid in the composite data contains the 
average visible digital number (DN): the average 
nighttime light intensity observed within each year. 
(OLS passes over each location every day ->  
multiple observations potentially available for any 
single place over the course of a year.)

• Ephemeral events (wildfires etc) are discarded. 
• Final dataset: persistent lighting from urban areas 

and other sites. 
• Final data values range from 1 to 63 -> Truncated 

distribution of lights for urban areas
• Over-glow



Message 2: The sensor normally 
saturates over bright urban areas

Ziskin et al. 2010

Hsu et al. 2010



How good of a proxy is NTL 
for energy?



Message 3: Using “stable lights” State-level NTL 
emissions variation is explained *relatively* well by 

total electricity ( TELC) and total energy ( TEC) 
consumption. 

1992 2000 2008

ln(TELC)

intercept 3.46 3.32 3.81
α 0.86 0.87 0.89

(0.09) (0.11) (0.12)

R 2
0.77 0.79 0.78

1992 2000 2008

ln(TEC)

intercept 1.24 1.16 1.20
σ 0.89 0.88 0.91

(0.12) (0.11) (0.13)
R 2

0.79 0.81 0.80



Message 4: NTL emissions variation is explained 
*really* well by total electricity consumption for 

Californian MSAs (TECCA)

1996 2000 2008

ln(TECCA)

intercept 5.72 5.94 5.77
φ 0.68 0.66 0.67

(0.05) (0.05) (0.04)
R 2

0.92 0.91 0.94



Having established NTL as an 
energy proxy, how does it scale?



Message 5:  Scaling 
relationship present 

for US MSAs

Message 6: 
Metropolitan NTL 
emissions scale 

sub-linearly with US 
MSA population

Year β S.E. R 2

1992 0.76 0.01 0.89
1993 0.75 0.01 0.90
1994 0.76 0.01 0.92
1995 0.76 0.01 0.92
1996 0.74 0.01 0.91
1997 0.74 0.01 0.90
1998 0.74 0.01 0.91
1999 0.74 0.01 0.90
2000 0.74 0.01 0.90
2001 0.72 0.02 0.89
2002 0.73 0.02 0.89
2003 0.73 0.02 0.90
2004 0.74 0.02 0.90
2005 0.74 0.01 0.90
2006 0.75 0.01 0.91
2007 0.74 0.02 0.89
2008 0.74 0.01 0.90



How big is the saturation problem 
in this research and can it be 

corrected?



Message 7. It can be corrected…

• Gain is variable is adjusted 
continuously onboard the 
satellite.

• The goal is to create “near 
constant contrast” images for 
visual interpretation of cloud 
cover. 

• Gain ↑ as the moonlight ↓
and stays low during the 
period of no moonlight.

• Gain ↓ as the moonlight ↑.
• Gains are not recorded in the 

data stream (!!!)
Ziskin et al. 2010



2006 Fixed Gain Observations

• Clouds cannot be detected in the visible band nighttime 
data when there is no moonlight.

• On these nights the Air Force Weather Agency (AFWA) 
is amenable to having the gain manipulated. 

• During 2006 data were collected at low, medium and 
high gain settings (15, 35, and 55 dB) on 24 hour 
increments. 

• Gain 15 - unsaturated observation of bright urban cores. 
• Gain 35 - saturation possible in urban cores with 

detection of urban edges and smaller towns.
• Gain 55 - detection of dim lighting from small towns and 

rural areas.
• See Ziskin et al., 2010, Methods Used For the 2006 

Radiance Lights, Proceedings of the 30th Asia-Pacific 
Advanced Network Meeting



Hsu et al. 2010



Comparison of the Stable Lights 
and Radiance Lights

Hsu et al. 2010



Fragkias, Lobo, Zhang and Seto, 2012, in prep



Ongoing Effort on Radiance Lights

• Low, medium and high fixed gain data were 
collected in 1996-97, 1999, 2000, 2003, 2006 
and 2010.

• NGDC is attempting to process a consistent 
series of radiance products.

• Major issue to be resolved is how to inter-
calibrate the products from the various years.

• See Ziskin et al., 2010, Methods Used For the 
2006 Radiance Lights, Proceedings of the 30th 
Asia-Pacific Advanced Network Meeting


