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1992-2003

Avrtificial night lighting as seen from space

m The U.S. Air Force
Defense Meteorological
Satellite Program (DMSP)
Operational Linescan
System (OLS) has a
unique capability to collect
low-light imagery

B Polar orbiting
B 3000 km swath
B Two spectral bands
= Visible and thermal
B Nightly global coverage
B Flown since 1972
B Will continue till ~2012

Thermal
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Applications based on DMSP nighttime lights R?-

® Monitoring of gas flaring
m Population estimation
B Gridded population of the world
Power outage detection following natural disasters
Light pollution
B First Atlas of light pollution

Impact of artificial night lighting on ecosystems
B Potential risk of coral reefs




Power outage detection from hurricane Wilma

® Annual composite
W Lights (visible band)
B Cloud free
m Daily imagery
W Lights (visible band)
B Clouds (thermal band)
m RGB composite
— Change detection
mR
u
uB

Elvidge, Aubrecht, Baugh, Tuttle, Howard (2007) Satellite detection of
power outages following earthquakes and other events. International
Geohazards Week. ESAESRIN, Frascati Rome, ltaly.
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Applications based on DMSP nighttime lights m%

m Monitoring of gas flaring
m Population estimation
B Gridded population of the world
m Power outage detection following natural disasters
| Light pollution
B First Atlas of light pollution

® Impact of artificial night lighting on ecosystems
B Potential risk of coral reefs
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Ecological impact of artificial night lighting g

m Nocturnal lighting can have direct effects on ecosystems

B Rich, C., T. Longcore (2006) Ecological Consequences of
Artificial Night Lighting. Island Press, Washington DC.

Examples:
| Effects of artificial night lighting on migrating birds
= Gauthreaux Jr. and Belser in Rich and Longcore (2006)
B Threatened sea turtle nesting sites
= Salmon in Rich and Longcore (2006)
B Fish response to artificial night lighting

= Nightingale, Longcore and Simenstad in Rich and Longcore (2006)
L
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Coral reef related research ‘

m Coral reefs are fragile and being damaged worldwide
due to both physical and anthropogenic stressors
B Physical stressors
= Heat stress
B Anthropogenic stressors
= Development and agriculture resulting in water pollution
= Overuse (recreation, fishing...)

m Not much is known about interactions of the stressors

Coral reef related research

m NOAA has a global program to monitor SST (sea
surface temperature) anomalies

m To date there has only been one single global survey of
anthropogenic stress on coral reefs — ‘Reefs at risk’

® The new research objective was to create a globally
consistent assessment of the proximity of specific
anthropogenic stressors to coral reefs using DMSP
nighttime lights
B Development
B Gas flaring
B Heavily lit fishing boats

Coral reef related research — Data

m Global spatial compilation of coral reefs
B Obtained from WRI (1998) — originates from UNEP, WCMC

Puerto Rico and the Lesser Antilles

~ 330.000 points
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Coral reef related research — Data

m DMSP nighttime lights (2003)

B Development

Puerto Rico and the Lesser Antilles
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Coral reef related research — Data

m DMSP nighttime lights (2003)
B Gas flaring

Coral reef related research — Data {

m DMSP nighttime lights (2003)
B Fishing boat activity

Gulf of Thailand

-10- T TEE

Coral reef related research — Methodology

m Lights Proximity Index (LPI)

H 3 runs

LPly23=Z14 niDtn

forr;, — D < 5km
for r; — D < 25km

Reef location

r,, Boats, Flares
5km

r; Cities
25 km
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Coral reef related research — Results

m |PI values calculated for each reef point
B Development
B Gas flares
B Heavily lit fishing boats
m Colorized images / maps
B Rainbow color ramp
B Standard deviation stretch
| Area ranking
B By aggregated sum
B Normalized

Aubrecht, Elvidge, Eakin (2008) Earth Observation based assessment of anthropogenic stress to coral reefs — A global analysis. IGARSS 08:
International Geoscience and Remote Sensing Symposium. Boston, MA, USA.
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Coral reef related research — Results 1

| Analysis completed for 2003

B Map of the coral reefs of Puerto Rico and the Virgin Islands
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Coral reef related research — Results ﬂ

m Analysis completed for 2003
B Area ranking (development)
= By aggregated sum
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Coral reef related research — Results ﬂ

m Analysis completed for 2003
B Area ranking (development)
= Normalized
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Normalization in order to account for the varying number of reef points per area

Coral reef related research — Results

m Analysis completed for 2003
B Area ranking (fishing boat activities)
= Normalized
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Coral reef related research — Results ‘

| Analysis completed for 2003
B Area ranking (gas flaring)
= Normalized
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Coral reef related research — Time series

| Analysis completed for 2003

| Next step
B Compilation of a time series 1992-2003
B Change detection

m DMSP archive

lm|1m|:m 1m|1m 1997 | 1998 | 1999 lm‘zw1|zm|lm

F10

| F15

j e
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Coral reef related research — Time series g

| Analysis completed for 2003
m Next step
B Compilation of a time series 1992-2003
B Change detection
| [nter-calibration essential for comparability
B F121999 — ‘brightest’ year
m Stable lights used for development and gas flares
B Noise had been removed
m Raw data used for boats

B Noise was removed individually for each year and satellite
in order to not lose any lights of fishing boat activity
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Coral reef related research — Time series

m Analysis completed for 2003

m Compilation of a time series 1992-2003
B |nter-calibration: F121999
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Coral reef related research — Time series

m Analysis completed for 2003

m Compilation of a time series 1992-2003
B |nter-calibration: F121999
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Coral reef related research — Time series it

m Analysis completed for 2003

m Compilation of a time series 1992-2003
B |nter-calibration: F121999
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Coral reef related research — Time series it

B Visualization of
change (1992-
2003) in potential
stress to coral
reefs

= Blue —
Improvement

= Red —
Decline

Cities LPI
Puerto Rico &
Lesser Antilles
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Coral reef related research — Time series 7

| Analysis completed for 2003

m Compilation of a time series 1992-2003
B |nter-calibration: F121999
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Coral reef related research — Time series 7

B Visualization of
change (1992-
2003) in potential
stress to coral
reefs

= Blue —
Improvement

= Red —
Decline

Cities LPI

Singapore




. . »
Coral reef related research — Time series hyt

m Analysis completed for 2003

m Compilation of a time series 1992-2003
B |nter-calibration: F121999
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Coral reef related research — Time series

m Analysis completed for 2003

m Compilation of a time series 1992-2003
B |nter-calibration: F121999
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Coral reef related research — Time series ﬁ

B Visualization of
change (1992-
2003) in potential
stress to coral
reefs

= Blue —
Improvement

= Red —
Decline

Cities LPI
Red Sea
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B Visualization of
change (1992-
2003) in potential
stress to coral
reefs

= Blue —
Improvement

= Red —
Decline

Cities LPI
Red Sea
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Coral reef related research — Time series '

| Analysis completed for 2003

m Compilation of a time series 1992-2003
B |nter-calibration: F121999
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Coral reef related research — Time series '

B Visualization of
change (1992-
2003) in potential
stress to coral
reefs

= Blue —
Improvement

= Red —
Decline

Cities LPI

Hawaii




Coral reef related research — Time series
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Coral reef related research — Time series

Darksky 2008 p—
At Aust 22,2008 aystema raswarch
Inistoph.aubrechi@arcs ac.a

m Analysis completed for 2003 Cities LP m Analysis completed for 2003
®m Compilation of a time series 1992-2003 Examples ®m Compilation of a time series 1992-2003
B |nter-calibration: F121999 B |nter-calibration: F121999
e By
- = . S —Fldc
= s
Greater Antilles Singapore Red Sea ::}I‘-’
Fli-r
; Flares LPI
Puerto Rico & VI Malaysia Hawaii Global
-29- EEET o -30- sanmln
. . . . "?
Coral reef related research — Time series Coral reef related research — Time series
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Coral reef related research — Time series

B Visualization of
change (1992-
2003) in potential
stress to coral
reefs
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Coral reef related research — Time series

| Analysis completed for 2003
m Compilation of a time series 1992-2003
B |nter-calibration: F121999
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Conclusion and outlook 1

B Visualization of m Shortcomings of DMSP lights
change (1992- — o )
2003) in potential $ 4 v [ B Coarse spatial
stress to coral 2 - & B resolution
reefs + 2,5 km GSD
= Blue — W OLS lights are larger
Improvement than sources on the
ground — ‘Overglow’
* Red — surrounds bright
Decline sources
B No visible band
[ calibration
Flares LPI W 6 bit quantification
Persian Gulf
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Conclusion and outlook 1 Conclusion and outlook

m Shortcomings of DMSP lights m Future possibilities

g g : 1 ® Urban centers B The NPOESS Visible Infrared Imaging Radiometer Suite
z saturate in (VIIRS) will provide improved nighttime lights over the OLS
operational data — First launch in 2009-10.
® No spectral m NPOESS will fly VIIRS in 6 a.m. /6 p.m. plus 1 p.m. / 1 a.m.

information on the bits. MetoD i ideri ddi low light i )
type of the lighting or orbits. Metop is considering adding a low light imaging sensors
changes in lighting for flights planned a decade+ from now.
type B NOAA had planned a low light imager for GOES-R but this was

dropped due to cost considerations.

Lk Overyion

"o ' B T e Higher spatial resolution / multispectral nighttime lights?
: B The Nightsat Mission concept
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Digital camera image
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astronaut D. Pettit
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