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ITU-D STUDY GROUP 2
TITLE:

USE OF REMOTE SENSING FOR DISASTER PREDICTION, DETECTION AND MITIGATION  

1
Introduction

This summary is directed towards audiences not necessarily familiar with remote sensing data products. It is intended to alert the user to such resources and to provide initial guidance towards finding and using these resources. 

Although emphasizing microwave remote sensing, in order to provide a more complete survey of helpful data from space-borne instruments, this summary also includes remote sensing products obtained in the visible and infrared bands (the data of which are transmitted via radio to the Earth).  Unlike most observations made with microwave instrumentation, observations performed in visible or infrared bands are not made using remote sensing frequency bands allocated and protected through the ITU Radio Regulations. Products based on measurements from the ultra-violet region are under development but are not readily available.

1.1  Description of Annexes

Following the remote sensing summary are four Annexes that provide additional technical detail on relevant products, missions and their practical implementations for disaster management. 

Annex 1 provides an exhaustive list of relevant sensor missions and products retrieved through the operations of Earth observation satellites, along with usage of microwave frequencies and optical spectrum.

Annex 2 addresses the issue of a remote sensing database.

Annex 3 describes examples of practical applications and usage of remote sensors in addressing natural and man-made disasters.  Additional details and explanations concerning the usage of remote sensing for disaster management were presented in December 2007 at a Remote Sensing Workshop coordinated by the ITU and can be found at the following web site:  

http://www.itu.int/ITU-D/emergencytelecoms/events/global_forum/rs_present.html
Throughout this text, the names of spacecraft and missions (which include many spacecraft) are capitalized and italicized. A glossary, which includes acronyms used in the text and annexes, is included as Annex 4.

1.2  Relelvant ITU-R Resolutions

The following are resolutions relating to the use of remote sensing for disaster prediction, detection, and mitigation. Pertinent sample text from the resolutions is included in italics.

–
RESOLUTION ITU-R 53: The use of radiocommunications in disaster response and relief

resolves

that, given the importance of the effective use of the radio-frequency spectrum for radiocommunications in disaster situations, the concerned ITU-R Study Groups undertake studies and develop guidelines related to the management of radiocommunications in disaster prediction, detection, mitigation and relief collaboratively and cooperatively within ITU and with organizations external to the Union

· RESOLUTION ITU-R 55: ITU studies of disaster prediction, detection, mitigation and relief
SG 7
Disaster prediction and detection are major fields of study within Study Group 7. Utilizing remote sensing systems (both passive and active), operating in frequency bands predetermined by the laws of physics, Study Group participants acquire, analyse and process the data that provides prediction and detection of meteorological and climatic conditions that are the basis for major natural disasters. 

Disaster mitigation is aided by the provision of high-technology satellite communication systems developed by other Study Group participants including technologies such as tracking and data relay satellites.
· RESOLUTION 644 (Rev.WRC-07): Telecommunication resources for disaster mitigation and relief operations
· RESOLUTION 646 (WRC-03): Public protection and disaster relief 
· RESOLUTION 647 (WRC-07): Spectrum management guidelines for emergency and disaster relief radiocommunications
· RESOLUTION 673 (WRC-07): Radiocommunications use for Earth observation applications
considering

a)
that in situ and remote Earth observation capabilities depend on the availability of radio frequencies under a number of radio services, allowing for a wide range of passive and active applications on satellite- or ground-based platforms;

b)
that the collection and exchange of Earth observation data are essential for maintaining and improving the accuracy of weather forecasts that contribute to the protection of life, preservation of property and sustainable development throughout the world;

c)
that Earth observation data are also essential for monitoring and predicting climate changes, for disaster prediction, monitoring and mitigation, for increasing the understanding, modelling and verification of all aspects of climate change, and for related policy-making,

resolves to invite ITU-R

to carry out studies on possible means to improve the recognition of the essential role and global importance of Earth observation radiocommunication applications and the knowledge and understanding of administrations regarding the utilization and benefits of these applications.
2
Usage of output data products derived from Earth observation made by satellite

On-the-ground, at-the-spot (in situ), at-the-time measurements or observations are usually more precise and more accurate than similar observations made from space. In fact, these kinds of observations are known as “ground truth” and are used to calibrate space-borne instrumentation.

However, when in situ instrumentation or the supporting infrastructures necessary to use such instrumentation are not in place or have been disabled by the disaster, or the ground measurements are not accurate enough, space-borne observations can provide useful information helpful in alleviating the effects of disasters. Space-borne observations are particularly useful when the areas are vast, the population densities low, and the technical infrastructure is not well developed or vulnerable. 

Fortunately, for users such space-borne data products are inexpensive, if not free, and are frequently readily available via the Internet.  For example, the World Meteorological Organization (WMO) Resolution 40 (Cg-XII) states that as a matter of policy, “Members shall provide on a free and unrestricted basis essential data and products which are necessary for the provision of services in support of the protection of life and property and the well-being of all nations, particularly those basic data and products, as, at a minimum, required to describe and forecast accurately weather and climate. Those data and products to be exchanged are without charge and with no conditions on use.” Following the WMO policy, many meteorological agencies make the essential data and products available to all users world-wide on a free and unrestricted basis in accordance with WMO Resolution 40 (Cg-XII).

A list of parameters, or sensor data products, presently available is given in Annex 1. Several international initiatives are on-going to increase and to improve the amount and timeliness of these data. 
Data from Earth observing satellites can be used in various phases
 of a disaster:

1)
Mitigation – Structural and non-structural measures undertaken to limit the adverse impact of natural hazards, environmental degradation and technological hazards. (Note: such measures are undertaken in advance of the disaster and include the identification of risk.) 

2)
Preparedness – Activities and measures taken in advance to ensure effective response to the impact of hazards, including the issuance of timely and effective early warnings and the temporary evacuation of people and property from threatened locations.

3)
Relief/response – The provision of assistance or intervention during or immediately after a disaster to meet the life preservation and basic subsistence needs of those people affected. It can be of an immediate, short-term, or protracted duration.

4)
Recovery – Decisions and actions taken after a disaster with a view to restoring or improving the pre-disaster living conditions of the stricken community, while encouraging and facilitating necessary adjustments to reduce disaster risk
.

The following scenarios describe how these data products may be useful in alleviating the effects of natural and man-made disasters. These scenarios are plausible; some have been demonstrated while others are operational today. This list is not exhaustive.  

2.1 
Coastal hazards/tsunami

Space-borne sensors can help identify areas at risk by using synthetic aperture radar (SAR)-generated digital elevation models (DEMs) to locate low areas subject to flooding, or by using SAR-generated bathymetry to identify ocean bottom structure that might worsen the incoming tsunami.

http://www.prh.noaa.gov/ptwc/aboutptwc.htmPresent satellite technology does not lend itself to predicting or identifying when or where tsunami will occur although other warnings systems are available on a real time basis. In December 2004, the space-based altimeter on JASON-1 was able to see effects of the catastrophic tsunami produced by the earthquake in the Indian Ocean. This altimeter was able to measure the anomalous wave height at sea (see Annex 4). However, to continuously monitor the state of the oceans for tsunami with space-based remote sensing is not practical. Ocean- and ground-based sensors are used by the Pacific Tsunami Warning Centre operated by the U.S. National Oceanic and Atmospheric Administration (NOAA), to forecast tsunami and to issue alerts (see: ). Nevertheless, severe weather events, such as tropical cyclones and typhoons that produce storm surges, can be tracked by weather satellites (see the discussion of extreme weather below).

The extent of the damage can be determined using visible/infrared moderate-resolution imagery from instruments flown on missions such as Landsat, SPOT, Alos, Terra, Aqua, and high-resolution imagery from instruments on commercial spacecraft. Lower resolution SAR imagery, which is unaffected by cloud cover, can also be used to show the areas affected. The ability of SARs to penetrate clouds and provide all-weather capability is particularly useful in cloud-prone areas such as central Africa, the Amazon, and island areas such as Indonesia.
Applicable remote sensing products:

Active:
Digital elevation model, near-shore bathymetry, SAR images, weather products, sea surface height/topography
Passive:
Images, weather products
2.2
Drought

The onset and progress of a drought can be observed from space by noting soil moisture, rainfall, and the distress level of the vegetation in the affected areas. Soil moisture measurements are possible using microwave sensors, and vegetation health is routinely derived today from various multispectral instruments such as those flown on Landsats and the NOAA series. The areas affected and the seriousness of the drought can then be monitored using the multispectral imagery.

Every three to seven years, a warming of surface ocean waters in the eastern tropical Pacific brings winter droughts and deadly forest fires in Central America, Indonesia, Australia, and south-eastern Africa, and lashing rainstorms in Ecuador and Peru. This phenomenon, called El Niño, affects precipitation (and therefore plant growth) over much of the North American continent. Warmer-than-normal water in the central and western equatorial Pacific creates higher precipitation in southern and central North America. Conversely, cold water temperatures in the Pacific lead to a decrease in precipitation over northern North America. El Niño has caused billions of dollars in economic damage worldwide. El Niño's “sister,” La Niña, occurs less frequently and has the opposite effect – the cooling of surface ocean waters.

Long-term El Niño/La Niña related droughts can be forecast using sea surface height and temperature data products from TOPEX/POSEIDON and JASON spacecraft. These data products can indicate when an El Niño/La Niña event is beginning, and thus they give time to prepare for its effects (see: http://www.cpc.noaa.gov/products/analysis_monitoring/lanina/).

When droughts are driven by a lack of available snowmelt (i.e. water derived from melting snow), satellite derived snow cover, snow depth, land temperature, and precipitation measurements can give an indication of available water for reservoirs.

Rescue efforts can also be aided. As an example, when a drought occurred in Africa, Landsat imagery helped locate an unnoticed surplus harvest in a nearby area. Instead of having to send a fleet of aircraft far distances for food provisions, caravans of trucks travelling a few hundred kilometres were used. In this way, considerable time and expense were saved.

Drought monitors are available at: http://climate.mssl.ucl.ac.uk/ and http://www.earlywarning.nl/.

Applicable remote sensing products:

Active:
Snow cover maps, soil moisture maps, sea surface height/topography, plant available water
Passive: 
Images, land surface temperature, sea surface temperature, snow depth, snow cover maps, soil moisture maps, vegetation indices
2.3 
Earthquake

Immediately after a major earthquake has occurred, a timely and reliable damage estimate is needed to determine the extent of the damage. Damage-estimate decision support systems are being developed which are based on population density, type of building construction in the affected area, and the location and magnitude of the earthquake. To be useful, accurate earthquake magnitude and location data are required. Seismographs, interferometric SAR measurements (InSAR), and in situ measurements using Global Navigation Satellite Systems (GNSS) provide a means of determining the location and extent of the rupture for incorporation into the damage-estimate models. The sooner an accurate damage estimate is made, the sooner the appropriate rescue assets can be mobilized.

The area affected can be visualized with high-resolution imagery from commercial sources. The areas can also be determined from InSAR observations, which can map the ground movement by comparing before and after SAR images. In the presence of vegetation, lower microwave frequencies, such as 1 215-1 300 MHz, are used to facilitate accurate measurements of land surface deformation.

Applicable remote sensing products:

Active: 
Land surface movement images (InSAR images), precise positions (via GNSS)
Passive: 
Images
2.4
Extreme weather

Today, operational meteorological, or weather, satellites variously called geostationary and polar orbiting environmental satellites, MetSats, etc. cover almost the entire globe. Meteorological satellites fall into two categories based on their orbits: Geostationary or Polar. Geostationary satellites orbit at the same rate as the Earth and appear as a stationary point in the sky at an altitude of about 35 800 km. Such satellites provide superior temporal resolution with images available every 15-30 minutes. Much pertinent data can be obtained through the Internet. When immediate local weather information is needed, relatively inexpensive ground stations can be purchased, installed, and used to gather real-time data from satellites passing overhead. Additional information in the form of computer-generated worldwide weather forecasts is available from the Internet.

The World Meteorological Organization (http://www.wmo.int) coordinates the distribution, format, and organization of such data worldwide. Institutions such as the European Centre for Medium Range Weather Forecasts provide worldwide forecasting (see: http://www.ecmwf.int/).

While ground-based weather radars are extremely important for tracking local extreme weather events (e.g.  tornados, thunderstorms, etc.), passive microwave remote sensing from space provides critical data (e.g. atmospheric temperature and water profiles) to forecasters. These microwave data provide worldwide coverage regardless of cloud cover, which can obscure similar measurements made at infrared wavelengths. 

Applicable remote sensing products:

Active: 
Sea surface winds, precipitation rate and structure

Passive:
Images, total water vapour, water vapour (humidity) profile, cloud liquid water, cloud structure and movement, temperature profile, precipitation estimate, precipitation rate and structure

2.4.1 
Tropical Cyclones
Ocean heat influences the creation and the evolution of tropical cyclones. Tropical cyclones can occur only if a threshold temperature of the ocean is reached. Passive sensors are essential to measuring ocean temperatures. 

A necessary, though not by itself sufficient, condition for tropical cyclone genesis is that sea surface temperature needs to be at least 26.5° C, which illustrates the role that the ocean plays in hurricane genesis. Additionally, the intensification of tropical cyclones involves a combination of favourable atmospheric conditions.

Applicable remote sensing products:

Active: 
Sea surface wind speed, (and also products listed under extreme weather)

Passive: 
Sea surface temperatures, sea surface wind speed, rain rate, (see extreme weather)
2.5
Floods

Long before a flood occurs, the areas vulnerable to being flooded (areas at risk) can be identified with the help of satellite-derived DEMs. These DEMs enable the topology of remote low-lying areas to be mapped. Land-Use Maps help quantify the risk by identifying populated areas. Attention can then be focused on identifying the infrastructure (roads, bridges, communications, etc.) needed to help when a flood occurs. 

Weather monitoring and weather forecasts can provide information that floods are possible or imminent. Supporting data products include real precipitation, water equivalent from snowfall, and soil moisture, which, in combination, indicate whether the ground will absorb more rain or is saturated.

During a flood event, imagery from multispectral and/or panchromatic imagers such as those on Landsat, SPOT, Alos, Terra, and Aqua and synthetic aperture radars such as on Radarsat, ERS-2, COSMO-SKYMED and Envisat can help guide rescue workers to the specific areas affected and help assess the overall damage. The ability of SARs to penetrate clouds and provide all-weather capability is particularly useful during the flood-producing storm.
After a flood event, the same systems can be used to monitor the recovery.

Applicable remote sensing products:

Active: 
DEMs, SAR images, snow cover, soil moisture maps, plant-available water, land-water boundaries/surface water maps, weather products
Passive: 
Precipitation estimates, images, land surface temperatures, snow cover, soil moisture maps, land-water boundaries/surface water maps, weather products, land-use maps
2.6
Landslides/subsidence/avalanches
Areas vulnerable to landslide activity can be identified using DEMs from SAR measurements. (See: http://earth.esa.int/dragon/prog_pdfs/JPM_landslides.pdf) In this case, the slopes rather than the elevations are used. When subtle ground movement is suspected, InSAR and in situ GNSS units can provide accurate measurements (see: http://gis.vsb.cz/GIS_Ostrava/GIS_Ova_2005/Sbornik/cz/Referaty/kianicka.pdf).

Changes in land cover or land usage can increase the risk of landslides. For example, a heavily logged (deforested) area is far more susceptible to landslides than an area with an established ecosystem that stabilizes the ground. Land-use maps help quantify the risk by identifying populated areas that may be vulnerable. Land cover/land usage can be monitored from space and changes detected to aid in monitoring the risk (see: http://glcf.umiacs.umd.edu/index.shtml). 

When soil on steep hillsides becomes saturated with water during a very heavy rainfall, it becomes vulnerable to producing landslides. Thus, forecasts of heavy rainfall coupled with knowledge of the pre-rainfall soil moisture, can provide warnings that landslides may occur.

After a landslide has occurred, InSAR images can provide an accurate mapping of the ground movement (subsidence) by comparing before and after SAR imagery of the bare Earth. Other imagery (e.g. from Landsat, Terra, the NOAA-series, etc.) can show the areas affected by the impact on the vegetation and other surface features.

Similarly, avalanche-prone areas can be identified using DEMs, and avalanche conditions can be monitored using snow cover observations, snow depth, and land surface temperatures.
Applicable remote sensing products:

Active: 
Slopes (via digital elevation models), surface movement images (InSAR images), precise positions (via GNSS), snow cover, change-detection maps, soil moisture, weather products
Passive: 
Images, land use maps, snow cover, change-detection maps, snow depth, soil moisture, weather products, land surface temperatures
2.7
Ocean pollution

Provide a good capability for detecting vessels and oil pollution and have the advantages of all time (both day and night) coverage and all weather (including cloudy and rainy situations) coverage.

Oceanic oil spills can be detected using SAR imagery.  Usually, oceanic oil spill detections are treated as preliminary observations and are immediately confirmed via seaborne, in-situ measurements. (See: http://www.ksat.no/Products/OilSpillDetection.htm). This technique allows large areas to be monitored at lower cost. After an oil spill is confirmed in situ, the area affected can be monitored and tracked by satellite.

Natural pollution in the form of a “red tide” (a particularly harmful algae bloom) can be detected and monitored from space by observing ocean Colour. Other pollution forms (e.g. water pollutants, coastal sediments) can be detected using satellite images in the visible and/or infrared spectrum.
Applicable remote sensing products:

Active:
Oil contamination (images) 
Passive: 
Images, ocean colour images
2.8
Sea and lake ice

Today optical, thermal, passive microwave, and active radar satellite systems are used to observe sea and lake ice cover, although satellite observations have been considered to be of limited utility due to an inability to penetrate cloud cover and darkness (visible and infrared), inadequate spatial resolution (passive microwave), and/or especially poor revisit times (all). Research activities are presently evaluating the effectiveness of space-borne SAR to detect icebergs, although SAR has thus far proven to be of limited value in finding and tracking icebergs.

In practice, several satellite instruments are used in the iceberg studies. There is typically a high cloud cover fraction for images of the Southern Ocean and Antarctic coastline which obscures the surface. Observations of the surface are made continuously in the microwave band using scatterometer or passive microwave instruments, independent of cloud cover. They provide data about the motion of the very large icebergs with a horizontal size of 10 km or more. The observations at visible or infra-red wavelengths provide the required detail to derive meaningful estimates of size, but are dependent on having clear sky over the icebergs and so are less frequent. Icebergs down to the small sizes of a few hundred meters are observed with SAR. Unfortunately, smaller icebergs can be confused with ships and their detectability is marginal.

However, SARs, scatterometers, and passive microwave radiometers are very effective for mapping and classifying sea and lake ice (see: http://www.natice.noaa.gov/faq/index.htm). Passive microwave sensors have mapped sea ice extent for decades, and SARs are used operationally to guide arctic and high latitude lake shipping and to extend the shipping season at high latitudes. 

Applicable remote sensing products:

Active:
SAR images, ice monitoring (including scatterometer images)
Passive: 
Images, ice monitoring (maps, images), ice classification
2.9
Volcanoes

Since volcanic activity is frequently preceded by swelling/uplifting of the ground in the immediate area, potential volcanic activity can be monitored, to some degree, by mapping such ground movements. In situ GNSS units can provide local monitoring while InSAR observations can provide less timely measurements at remote locations
 

The evolving satellite radar imagery combined with InSAR techniques has proven a powerful space geodetic tool to study volcanic eruptions, detect seismic deformation at quiescent volcanoes preceding seismic swarms, enhance our understanding of volcanic plumbing systems, and guide scientists to better focus their monitoring and hazards mitigation efforts.
During and after an eruption, the thermal signature of the lava, ash, and hot gases are routinely tracked using infrared and visual observations from space.
The volcanic ash in the atmosphere poses serious hazards to aircraft in flight, and is known to cause engine failures. Recognizing this problem, Volcano Ash Advisory Centres (VAAC) have been set up worldwide. The Anchorage, Alaska Volcano Ash Advisory centre (http://aawu.arh.noaa.gov/vaac.php) has links to other such centres worldwide.

Lahars (volcanic mudflows) pose a serious threat to populations near potentially active volcanoes. DEMs can be used to identify probable lahar paths and thus to locate areas at risk. Land-use maps help quantify the risk by identifying populated areas.

Applicable remote sensing products:

Active: 
Surface movement images (InSAR images), SAR images, precise positions (via GNSS), DEMs
Passive: 
Images, land surface emissivity/temperature (thermal maps), land use maps
2.10
Wildland fires

The risk for wildland fires in remote, sparsely populated areas can be estimated from space measurements of soil moisture and vegetative state (i.e. is the vegetation healthy or distressed/parched?). Soil moisture can be measured using microwave sensors (http://aiwg.gsfc.nasa.gov/esappdocs/benchmarks/NASASENHFuelMoisture_Bench_sept06.pdf). The vegetative state is determined from space-borne multi-spectral visible/infrared instruments. These observations indicate where there is a high risk of wildland fires occurring. An example of an operational system utilizing such information can be found at NOAA’s Fire Weather Information Centre (http://www.noaa.gov/fireweather/).

Wildland fires can be detected, for example, by using certain infrared channels of the Moderate-Resolution Imaging Spectroradiometer (MODIS) instrument being flown on Terra and Aqua. These channels effectively penetrate the smoke and haze which obscure visible-wavelength observations. To reduce the time separation between the satellite observation and the generation of needed data products, several agencies, governments, and non-government organizations worldwide have installed ground stations to receive real-time MODIS data every time that the TERRA and AQUA satellites pass overhead. For these installed ground station systems, the information from the satellites is immediately processed and used to guide fire-fighters on the ground. An example is the active fire mapping programme operated by the United States Department of Agriculture's Forestry Service (see: http://activefiremaps.fs.fed.us/).

After the fire has been extinguished, satellite visible and infrared imagery and SAR imagery is be used to determine exactly the extent of damage incurred and also to monitor the recovery of the vegetation.

Applicable remote sensing products:

Active: 
SAR images, soil moisture maps, plant-available water

Passive: 
Images, soil moisture maps, vegetation indices, change-detection maps, land surface emissivity/temperature (thermal maps), fire index
3
Conclusion

For each of the listed types of disasters, this report provides a summary of the remote sensing applications that can aid in prediction and mitigation of both natural and man-made disasters.  While this summary is non-exhaustive, it provides useful guidance to Administrations on the uses of remote sensing applications that can minimize the impact of catastrophic events.  The annexes that follow provide additional technical detail about existing remote sensing products and missions, information on an online remote sensing database tool, and examples of practical implementations of remote sensing applications for each of the listed types of disasters in various countries.  

Annex 1

List of sensor missions and products retrieved from
Earth observation satellites

The purpose of the following list is to provide an exhaustive list of relevant sensor products, or physical parameters, that can be retrieved through the operation of Earth observation satellites. This list is organized by parameters describing the atmosphere, ice, land (including snow), and oceans.

Band definitions in the visible and infrared ranges vary depending upon usage; the definitions used here reflect those used by the remote sensing community
. They are as follows, where 1 TeraHertz = 1 000 GigaHertz: 

VIS    = visible, 0.4 – 0.7 μm, or 750 – 430 TeraHertz

IR       = infrared, 0.7 – 14 μm, or 430 – 25 TeraHertz, further subdivided as:

NIR    = near infrared, 0.7 – 1.3 μm, or 430 – 230 TeraHertz

SWIR = short-wave infrared, 1.3 – 3 μm, or 230 – 100 TeraHertz (also called mid-IR)

TIR     = thermal infrared, 3 -14 μm, or 100 – 25 TeraHertz.

All frequency bands listed below are allocated to the Earth-exploration science service in the Radio Regulations, whose provisions afford some protection against interference. These allocations are defined only for frequencies below 275 GHz (0.275 TeraHertz).

List of retrieved parameters in the atmosphere

It is necessary to adequately monitor the different parameters that characterize the atmosphere and are used to predict and monitor weather. The following parameters can be measured using instruments on the cited missions. The frequencies employed to obtain these parameters are also listed.  

•
Cloud liquid water:


Missions: WINDSAT/Coriolis, NOAA-series, AQUA, (Future: NPP, NPOESS, METEOR-M, GCOM-WI)


Frequencies – Passive: 18.6-18.8, 23.6-24.0, 31.3-31.8, 36.0-37.0, 86.0-92.0, 148.5-151.5, 174.8-191.8 GHz

NOTE – Retrieval of cloud liquid water over the oceans requires sea surface temperature as well as data from 23.8 and 31.4 GHz bands. Below 40 GHz, cloud liquid water is one component contributing to the passive microwave observations. Over the ocean it contributes along with wind speed, water vapour, sea surface temperature, and salinity; over land, vegetative biomass, surface roughness, integrated water vapour, and soil moisture are co-contributors. Therefore, resolving cloud liquid water requires observing at multiple frequencies to separate it from the other contributors.

•
Cloud structure and movement:


Missions: NOAA-series, CloudSat (Future: NPP, NPOESS, EarthCARE), METEOR-M


Frequencies –
Passive: IR, VIS 






Active: 94.0-94.1 GHz

•
Precipitation estimate:


AQUA, POES, DMSP, MetOp, NOAA-series (Future: NPP, NPOESS, GCOM-W1, GPM, METEOR-M)


Frequencies –
Passive: 10.6-10.7, 18.6-18.8, 22.21-22.50, 23.6-24.0, 31.3-31.8, 36.0-37.0, 50.2-50.4, 52.6-59.3, 86.0-92.0 GHz






Active: 13.25-13.75, 35.5-36.0 GHz

NOTE – Total precipitable water retrieval over the oceans requires sea surface temperature and data from 23.8 and 31.4 GHz bands. 

•
Precipitation rate and structure:


Missions: DMSP, NOAA-series, TRMM, WINDSAT/Coriolis,AQUA (Future: GPM, NPP, NPOESS, METEOR-M, GCOM-WI )


Frequencies –
Active: 13.25-13.75, 35.5-36.0 GHz


Frequencies –
Passive: 10.6-10.7, 21.2-21.4, 22.21-22.5, 23.6-24.0, 31.3-31.8, 36.0-37.0, 50.2-50.4, 52.6-59.3, 86-92, 164-167, 174.8-191.8 GHz
•
Sea surface winds:


Missions: AQUA, ERS, QuikSCAT, WINDSAT/CORIOLIs, METOP (Future: GCOM-W1, NPP, NPOESS, METEOR-M)


Frequencies –
Active: 5.25-5.57, 13.25-13.75 GHz


Frequencies –
Passive: 6.425-7.250, 10.6-10.7, 18.6-18.8, 23.6-24.0, 36.0-37.0 GHz

NOTE – Below 40 GHz, sea surface winds provide one component contributing to the passive microwave observations. Over the ocean it contributes along with wind speed, water vapour, sea surface temperature, and salinity. These observations use polarimetry.

•
Temperature profile:


Missions:  AQUA, DMSP, MetOp, NOAA-series (Future: NPP, NPOESS, METEOR-M)


Frequencies –
Passive: 23.6-24.0, 31.3-31.8, 50.2-50.4, 52.6-59.3, 86.0-92.0 GHz

•
Water vapour (total):


Missions:  AQUA, DMSP, NOAA/Series, JASON-1, TOPEX/POSEIDON, WINDSAT/Coriolis, METOP(future: METEOR-M, GCOM-WI)

Frequencies –
Passive: 18.6-18.8, 21.2-21.4, 22.21-22.50, 23.6-24.0, 36.0-37.0, 86.0-92.0, 148.5-151.5, 155.5-158.5, 174.8-191.8 GHz

NOTES – Below 40 GHz, water vapour is one component contributing to the passive microwave observations. Over the ocean it contributes along with wind speed, liquid cloud water, sea surface temperature, and salinity; over land, vegetative biomass, surface roughness, cloud liquid water, and soil moisture are co-contributors. Therefore, water vapour requires observing at multiple frequencies to resolve it from the other contributors. 

•
Water vapour profile (humidity profile)
:


Missions:  MetOp, NOAA-series (Future: NPP, NPOESS, METEOR-M)


155.5-158.5, 164-167, 174.8-191.8 GHz
List of retrieved parameters over ice

It is necessary to adequately monitor the different parameters that characterize ice, whether on the sea, land (glaciers), or lakes. The following parameters can be measured using instruments on the cited missions. The frequencies employed to obtain these parameters are also listed.
•
Ice classification: 


Missions: DMSP, various SAR missions,AQUA (Future: CRYOSAT-2, NPP, NPOESS,GCOM-WI, METEOR-M)

Frequencies –
Active: 1.215-1.300, 5.25-5.57, 13.25-13.75 GHz  


Frequencies –
Passive: 6.425-7.250, 18.6-18.8, 22.21–22.5, 23.6-24, 36.0-37.0 GHz






Active: 1 215-1 300 MHz
•
Ice monitoring (maps):


Missions: ALOS, AQUA, DMSP, ERS-2, ENVISAT, MetOP, NOAA-series, QuikSCAT, RADARSAT-1 (Future: CRYOSAT-2, P-SAR; RADARSAT-2, -3; SAR-9, SAR-17, GCOM-WI, METEOR-M)


Frequencies –
Active: 0.432-0.438, 1.215-1.300, 5.25-5.57, 9.5-9.8, 13.25-13.75, 17.2-17.3 GHz


Frequencies –
Passive: 6.425-7.250, 18.6-18.8, 22.21-22.5, 23.6-24.0, 31.1-31.8, 36.0-37.0, 50.2-50.4, 86.0-92.0 GHz; IR, VIS

NOTE – Sea-ice concentration retrieval requires data from 22.3 or 23.8, 31.4, and 50.3 GHz bands.

List of retrieved parameters over oceans
It is necessary to adequately monitor the different parameters that characterize the ocean.  The following parameters can be measured using instruments on the cited missions. The frequencies employed to obtain these parameters are also listed.

•
Near-shore bathymetry:


Missions: ALOS, COSMO-SKYMED, ERS-2, ENVISAT, RADARSAT-1, SRTM, TERRASAR (Future: RADARSAT-2,-3; SENTINEL-1)


Frequencies –
Active: 1.215-1.300, 5.25-5.57, 9.5-9.8 GHz

•
Ocean colour:


Missions: SeaWIFS, TERRA, AQUA, ENVISAT, PARASOL (Future: NPP, NPOESS, Sentinel-3, METEOR-M)


Frequencies –
Passive: IR, VIS

•
Oil contamination:


Missions: ALOS, COSMO-SKYMED, ENVISAT, ERS-2, RADARSAT-1, TERRASAR (Future: RADARSAT-2,-3; Sentinel-1)


Frequencies –
Active: 1.215-1.300, 5.25-5.57, 9.5-9.8 GHz

•
Sea surface height/topography:


Missions: TOPEX/POSEIDON, ERS, ENVISAT, JASON-1 (Future: CRYOSAT-2, JASON-2, ALTIKA, SENTINEL-3)


Frequencies –
Active:  5.25-5.57, 13.25-13.75 GHz

•
Sea surface temperature:


Missions: AQUA, DMSP, ENVISAT, NOAA-SEries, WINDSAT/Coriolis (Future: NPP, NPOESS, Sentinel-3, GCOM-W1, METEOR-M)


Frequencies –
Passive: 6.425-7.250
, 10.6-10.7, 18.6-18.8, 22.21-22.5, 23.6-24.0, 36.0-37.0, 86.0-92.0 GHz; IR, VIS

NOTE – Below 40 GHz, sea surface temperature is one component contributing to the passive microwave observations. Other contributors include wind speed, water vapour, sea surface temperature, and salinity. Therefore resolving cloud liquid water requires observing at multiple frequencies to resolve the multiple contributors, although sea surface temperature predominates at around 7 GHz. 

•
Sea surface winds/sea surface wind speed:


See: “Sea surface winds” under the List of retrieved parameters in the atmosphere.

List of retrieved parameters over land
It is necessary to adequately monitor the different parameters that characterize the land, primarily its surface. The following parameters can be measured using instruments on the cited missions. The frequencies employed to obtain these parameters are also listed.

•
Change-detection maps (vegetation):


Missions: ALOS, Landsat, RADARSAT, ENVISAT, NOAA-Series (Future: RADARSAT-2, SENTINEL-1, METEOR-M)


Frequencies –
Active:  1.215-1.300, 5.25-5.57 GHz


Frequencies –
Passive: TIR, SWIR, NIR, VIS

•
Digital elevation models (topography):


Missions: ALOS, COSMO-SKYMED, ENVISAT, ERS-2, RADARSAT-1, SRTM (archived), TERRA-SAR (Future: RADARSAT-2, -3, SENTINEL-1)


Frequencies –
Active:  1.215-1.300, 5.25-5.57, 9.5-9.8 GHz

•
Fire index:


Missions:   NOAA-series (fUTURE: METEOR-M)

Frequencies –
Passive:  IR
•
Images, excluding synthetic aperture radar (SAR) images:


Missions: ALOS, AQUA, DMSP, ENVISAT, ERS-2, LANDSAT, MetOp, Proba, QUIKSCAT, SPOT, Terra (fUTURE: METEOR-M)

Frequencies –
Passive: 22.21-22.5, 36.0-37.0, 86.0-92.0 GHz; TIR, SWIR, NIR, VIS

•
Land-surface emissivity/temperature:  


Missions: AQUA, ENVISAT, NOAA-series, MetOp (fUTURE: METEOR-M)

Frequencies –
Passive: 23.6-24.0, 31.3-31.5, 50.2-50.4, GHz; IR, VIS

NOTE – Retrieval of land surface temperature requires data from 23.8, 31.4, and 50.3 GHz bands.

•
Land-water boundary/surface water maps:  


Missions: COSMO-SKYMED, NOAA-series (Future: TERRA-SAR, METEOR-M)


Frequencies –
Active: 9.5-9.8 GHz






Passive: NIR, VIS

•
Land-use/land-cover maps:  


Missions: LANDSAT (fUTURE: METEOR-M)

Frequencies –
Passive: TIR, SWIR, NIR, VIS

•
Plant-available water

Missions: MetOp, SMOS

Frequencies –
Active: 5.25-5.57 GHz





Passive: 1.4-1.427 GHz

•
Precise positions:


Missions: GNSS


Frequencies –
Active: 1.164-1.300, 1.559-1.610 GHz

NOTE – GNSS is considered “active” since the entire satellite transmitter/ground receiver system must be used. 

•
SAR images:


Missions: ALOS, COSMO-SKYMED, ENVISAT, ERS-2, OKEAN-1, SRTM, RADARSAT-1 (Future: RADARSAT-2, -3; SENTINEL-1 TERRA-SAR)

Frequencies –
Active: 1.215-1.300, 5.25-5.57, 9.5-9.8 GHz

•
Soil moisture maps:  


Missions: ALOS, AQUA, DMSP, ENVISAT, ERS-2, QuikSCAT, RADARSAT-1 (Future: GCOM-W1, RADARSAT-2, -3; SMOS, METEOR-M)

Frequencies –
Active: 1.215-1.300, 5.25-5.57, 13.25-13.75 GHz






Passive: 1.400-1.427, 6.425-7.250, 10.6-10.7, 22.21-22.5, 36.0-37.0, 86.0‑92.0 GHz

NOTE – Below 40 GHz, soil moisture is one component contributing to the passive microwave observations. Vegetative biomass, surface roughness, integrated water vapour, and soil moisture are co-contributors. Therefore, resolving soil moisture requires observing at multiple frequencies to separate it from the other contributors. However, soil moisture is the predominant contributor at very low frequencies (~ 1-2 GHz).

•
Slopes:


Missions: SRTM, ERS, ENVISAT, RADARSAT-1, COSMO-SKYMED, ALOS (Future: RADARSAT-2, -3, SENTINEL-1)


Frequencies –
Active: 1.215-1.30, 5.25-5.57, 9.5-9.8 GHz

NOTE – Derived from digital elevation models.
•
Snow cover (maps):


Missions: ALOS, AQUA, DMSP, ENVISAT, ERS-2,  METOP, NOAA-SERIES, RADARSAT‑1, TERRASAR (Future: RADARSAT-2, -3; SENTINEL-1, GCOM-WI, METEOR-M)


Frequencies –
Active: 1.215-1.30, 5.25-5.57, 9.5-9.8 GHz






Passive: 10.6-10.7, 23.6-24.0, 31.3-31.8, 36-37, 86.0-92.0 GHz; VIS

NOTE – The Advanced Microwave Sounding Unit algorithm requires 23.8, 31.4, and 89 GHz data to retrieve snow cover.

•
Snow depth:


Missions: Aqua (Future: GCOM-W1, METEOR-M )


Frequencies –
Passive: 10.60-10.7, 18.6-18.8, 23.6-24.0, 36.0-37.0 GHz

NOTE – Snow depth retrieval requires data from 10.65, 18.7, 23.8, 36.5 and 89 GHz channels. •
Surface movement maps (via interferometric synthetic aperture radar, or InSAR, images):


Missions: ALOS, ENVISAT, ERS-2, RADARSAT-1,  TERRA-SAR, COSMO-SKYMED (Future: RADARSAT-2, -3, SENTINEL-1T

Frequencies –
Active: 1.215-1.30, 5.25-5.57, 9.5-9.8 GHz

•
Vegetation indices:  


Missions: Landsat, METOP, NOAA-series (Future: METEOR-M)

Frequencies –
Passive: SWIR, NIR, VIS

Annex 2

Remote sensors database
1 
Remote sensors database format

As a result of studies compiled in the ITU-D, a “Disaster Support Summary” has been prepared to provide a survey of terrestrial and space-based active and passive sensor applications for disaster support.  This summary database is in the form of a spreadsheet accessible through the Internet at (html:  http://rsdisasterdb-t.grc.nasa.gov/bin/sfcg.cfm ; Flash:  http://rsdisasterdb-t.grc.nasa.gov/bin/RSDisasterDB.html ).  This approach allows the remote database to remain as up-to-date as possible. Consequently, it is and will always be open to suggestions, corrections, and new information. Rather than allow anyone to make changes at any time and risk inadvertent corruption of the database, all new input must be sent through a single point of contact, available at http://rsdisasterdb-t.grc.nasa.gov/bin/sfcg.cfm , who is responsible for maintaining the database. It must be taken into account that one or more sensors may be contained within a single instrument, and that space-borne instruments are typically associated with the spacecraft carrying them. Therefore, instruments rather than individual sensors are referred to in the database. 
The database is structured as two layers plus a glossary. The first layer links disasters (by type and phase) to relevant sensor data products and the instruments providing them. The second layer provides more detailed information on the sensor products and the instruments and the missions providing them. Where possible, an Internet link to data sources is provided. The glossary defines the acronyms and includes, where possible, an Internet link to further information on the instrument or mission.

To make the database readily accessible with minimal computer hardware and software, it is available as a set of comma-delimited tables as well as in Microsoft Excel (layered spreadsheet) format.

1.1
The space-based data summary

In Excel form, the space-based data summary is in two layers; in comma-delimited form it is presented as two separate spreadsheets. The contents of both forms should be identical. The types of disasters, relevant generic data products, and instruments producing such products are listed on the top layer/spreadsheet 1. The instruments and their individual data products are described on the bottom layer/spreadsheet 2.

1.2
Layer 1/spreadsheet 1 – Space-based disaster support summary

The columns of the top layer (Excel layer 1)/spreadsheet 1 are described below.

Disaster: This column indicates the type of disaster being addressed. The types identified are coastal hazards/tsunami (coastal haz./tsunami), droughts, earthquakes, extreme weather including tropical cyclones, floods, landslides/subsidence (including avalanches), pollution (oil spills are noted, although other types may be named), sea and lake ice, volcanoes, and wild land fires.

Phase: Four phases are referenced in this summary: mitigation, preparedness, response, recovery.
Disaster Usage: This column presents the overarching goal for using a data product.

Usage Description: This column describes the specific result of using a data product.

Sensor Product: This column lists data products that are useful for given disasters. A data product results from the processing of data from a sensor incorporated in an instrument. A particular sensor product may prove useful for a variety of disaster applications, and thus it may appear in several different rows on this layer. For more detail, the user is referred to the entry for each sensor product on second layer/spreadsheet. 

Availability: Availability refers to the operational status of a data source. If the mission is complete and the data are archived, it is indicated by “archive”. If the mission is “operational”, current data products should be readily obtainable. If the product was the result of an experiment or demonstration (“demo”), then it probably will not be up to date and coverage may be spotty at best. However, demonstration data products may be available upon special request. “Future” data products are products that are expected to result from instruments and missions currently under construction or being planned for launch in the future. “Potential” indicates possible products which may result from missions/instruments that are far in the future and not yet planned for launch, but appear to offer significant benefits.

Instrument: This column identifies the instrument(s) which did, can, will, or may in the future provide, via the sensors incorporated in them, the data needed to generate the sensor data products. Instruments are often identified by their acronym. Acronyms will be spelled out in a glossary. The glossary will also include references for further information regarding the instruments. Instruments may be flown on multiple missions, which are listed in Section 1.2.

Type: This column refers to the type of instrument, whether active (involving both a transmitter and a receiver, such as radars) or passive (using a receiver only).

1.3
Layer 2/spreadsheet 2 – Supporting space missions

The columns of the bottom layer (layer 2)/spreadsheet 2 are described below.

Instrument: See the same item in Section 3.1 above.

Mission: This column refers to the satellite or satellites carrying the instrument(s) or sensor(s). Sometimes the mission and instrument are synonymous (e.g. the RADARSAT mission consists exclusively of the RADARSAT synthetic aperture radar). They are also included in the glossary.

Sensor product: See the same item in section 3.1 above. Additional information beyond that given in this database can be found on Internet sites listed in the “Web Site for Data” column.

Centre Frequency (Centre Freq): This column lists the centre frequency (in GHz) of the band or bands used by each instrument. In some cases a segment of bandwidth is segmented into a number of channels for which the instrument has individual sensors for each channel. If a frequency listing includes a number in parentheses, this indicates the number of channels and/or bandwidths used within the band.

Revisit: Revisit refers to the frequency with which a satellite returns to a specific area. 5/day means the satellite passes over a given ground station 5 times each day, although it is unlikely that the same ground area will be scanned on each pass. Geosynchronous satellites may present a scan as often as every 20 minutes, while other missions may only revisit the same area every 16 days (e.g. Landsat). Completed observations that retain long-term usefulness (e.g. DEMs from the completed SRTM) may be labelled “Static”.

Latency: Latency refers to the time delay between the taking of an observation and when the data product is available to the end user. If the user has a ground station capable of receiving real-time data (RT), the data product may be available for use within minutes. If the data are gathered and centrally processed (e.g. though EOSDIS), the delay may be hours to a few days. In the case of DEMs, the final processing may not be finished for months. If a mission is completed and no longer obtaining data, the latency may be “archived”.

Data Source: Obtaining real time data usually requires a direct readout ground station, while processed data are usually obtained from a designated data centre listed here (see the “Website for Data” column for further information).

Website for Data: This column lists the Internet world-wide web address (the URL, or Universal Resource Locater) for data from the mission and/or instrument, or may lead to a description of the data product itself. It is intended to guide potential users to sources of more detailed information regarding the data products. Multiple sources may appear of a given instrument; any source listed usually applies to all bands for a given instrument. References regarding the instruments are given in the glossary.

Notes: A place for additional useful information.

If additional information on the instrumentation is desired, see the entry for that instrument in the glossary for an appropriate URL.

1.4
Glossary

The glossary combines word used for both space-based and ground-based data sets. It is also in the form of spreadsheets in Excel and comma-delimited forms.

The columns of this layer/spreadsheet are described below.
Acronym: The acronym, abbreviation, or name being described

Definition: The name of the instrument or mission; if an acronym, it is spelled out in full. If the entry is an instrument, the name of the mission flying that instrument is included (as appropriate). The agency or agencies sponsoring a mission are given in parentheses.

Website for Descriptions: This column lists the Internet world-wide web address (the URL, or Universal Resource Locater) for the mission and/or instrument. It is intended to guide potential users to sources of more detailed information regarding the instrument or mission. 
1.5 
Other data and other sources

The data provided by the Advanced Microwave Sounding Unit (AMSU) on board many spacecraft plays a key role in international numerical weather prediction. In 2005 Italy implemented the use of AMSU-A data in its meteorological analyses (1) The European Centre for Medium Range Weather Forecasting processes AMSU-A data from the Metop satellite, launched in 2006; (2) Studies done at the National Centre for Environmental Prediction show major forecast dependencies on AMSU‑A and AMSU-B information; (3) Fleet Numerical Meteorology and Oceanography Centre studies show the implementation of AMSU-A assimilation is one of the most important advances and note significant forecast improvement for the southern hemisphere when NOAA-18 AMSU observations were added; (4) and (5) These forecast centres provide modern, higher quality forecasts than were available in the past and constitute another source of extremely useful data. A partial list of such centres includes:

1)
European Centre for Medium-Range Weather Forecasts http://www.ecmwf.int/
2)
Italian Meteorological Service http://www.meteoam.it/
3)
National Center for Environmental Prediction http://www.ncep.noaa.gov/
The World Meteorological Organization (WMO, at http://www.wmo.int/) is a very good source of additional data and information. 

The WMO maintains a very detailed database of relevant information from space-based instruments (http://192.91.247.60/sat/SatSystem.html). In particular, once one knows the desired parameter, their database can be searched for a list of instruments providing such data. As such, this database is a good follow-on source of information once a user has decided which parameters to pursue. Overall descriptions of the WMO Space Program can be found at http://www.wmo.int/web/sat/satsun.html. Another national (U.S.A.) level source for information about data products from space based sensors is at http://satprod.osd.noaa.gov/controlcenter.cfm. 

A single point of contact for summoning international disaster support using space resources has been established. Following the UNISPACE III conference held in Vienna, Austria in July 1999, the European and French space agencies (ESA and CNES) initiated the International Charter “Space and Major Disasters” (see: http://www.disasterscharter.org/) with the Canadian Space Agency (CSA) signing the Charter on October 20, 2000, followed later by the United States National Oceanic and Atmospheric Administration (NOAA), the Indian Space Research Organization (ISRO), the Argentine Space Agency (CONAE), the Japan Aerospace Exploration Agency (JAXA), the United States Geological Survey (USGS), and, in November 2005, the British National Space Centre/Disaster Monitoring Constellation (BNSC/DMC).

An Authorized User can now call a single number to request the mobilization of the space and associated ground resources (RADARSAT, ERS, ENVISAT, SPOT, IRS, SAC-C, NOAA-series, LANDSAT, ALOS, DMC satellites and others) of the member agencies to obtain data and information on a disaster occurrence. A 24-hour on-duty operator is available to receive the call and is supported by Emergency On-Call Officer, who analyses the request and the scope of the disaster with the Authorized User, and a Project Manager who is qualified in data ordering, handling and application. Examples of data provided can be found at: http://www.disasterscharter.org/new_e.html. Any questions or comments for the Charter members or about the website should be directed to: webmaster@disasterscharter.org.

Another source of remote sensing data is UNOSAT, a United Nations program created to provide the international community and developing nations with enhanced access to satellite imagery and geographic information systems services. These tools are used mainly for humanitarian relief, disaster prevention, and post crisis reconstruction. The services provided include satellite imagery selection and procurement assistance, image processing, map production, methodological guidance, technical assistance, and trainings. Their Internet site is http://unosat.web.cern.ch/unosat.

Annex 3

Examples of remote sensing usage for disaster management

1
Introduction

The following scenarios provide descriptions of the remote sensing usage in addressing natural and man-made disasters. 
1.1
Coastal hazards/tsunami

Following a 9.0 magnitude earthquake off the coast of Sumatra, a massive tsunami and tremors struck Indonesia and southern Thailand Lanka on 26th December 2004, killing over 104,000 people in Indonesia and over 5,000 in Thailand. High resolution optical images of the Indonesian Banda Aceh area taken before and after the tsunami of 26 December 2004 by low Earth orbiting satellites are shown in Figure 1. Images, such as these, provided authorities information for an assessment of the damage. 

Figure 1

Before/after high-resolution optical images of the Indonesian Banda Aceh area
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Concerning the usage of active remote sensing like space borne altimeters, it is noted that on 26 December 2004, the space-based altimeter on JASON 1 was able to see the anomalous sea wave height produced by the Indian Ocean earthquake of that day that was the primary component of the corresponding tsunami.

It was pure coincidence that in the early morning of 26 December 2004, within hours of the big earthquake that shook the floor of the Indian Ocean, two joint NASA/French Space Agency satellites (Topex and Jason-1), ENVISAT an ESA satellite and GFO from NOAA watched tsunami waves silently race across the Bay of Bengal. This observation occurred by chance, because the satellites were not designed for observations of fast moving tsunami waves. The following figure presents the recorded measurements of the deep open ocean tsunami of 26 December.

Figure 2

Space-based radar altimeter measurements of the deep ocean tsunami on 26 December 

[image: image2.emf]
Taking into account the state of current technology, tsunamis of more than 10 cm of amplitude are detectable by space borne radar altimeters. It is expected that future space borne radar altimeters will detect tsunamis of more than 2 cm. However, it is to be noted that the current constellation of altimeters cannot meet the coverage required for an effective warning system. Moreover, since the processing of data from Jason and TOPEX/Poseidon data requires a few hours, there is little chance of using their data in time to warn affected coastal residents of an approaching tsunami. However, in the rare case that satellites of this type record the profile of a tsunami, the measurements provide valuable insight that the continuous profile of the sea surface height change provides. There are no other measurements at this time that can produce such a record; ocean buoys, which are often separated by more than 500 km, don't record a continuous profile. While current satellites cannot provide an early warning, their data hold great promise for helping scientists improve computer models of wave behaviour during tsunamis. Scientists say that better models will be the first line of defence against the havoc tsunamis can cause on coastal areas.

1.2
Drought

Parts of the (48 contiguous) United States has been experiencing significant and worrisome drought conditions since the 1990s, largely caused by reduced rainfall and warmer temperatures. In much of the north-eastern region, this drought has become troublesome and serious to severe after the turn of the millennium. New York City and the surrounding metropolitan areas have been forced to apply use restrictions as their major sources-reservoirs-have shrunk to as low as 10% capacity by volume. The next pair of images, acquired by the ASTER sensor on NASA's Terra, shows a reservoir in the Catskills to the northwest on 18 September 2000 (left image) and again on 3 February 2002 (right image), when the volume has been reduced to 58% of normal. (Reference: http://rst.gsfc.nasa.gov/Sect14/Sect14_15.html)

Figure 3

Space-based ASTER measurements of the Catskills, New York, USA 
on 18 Sep 2000 and 3 Feb 2002
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Figure 4 shows yearly change of soil moisture distribution in Australia during October 2005, 2006. This data was acquired by channels of AMSR-E mounted on Aqua. Red indicates low amount of soil moisture, while blue indicates higher amounts of soil moisture. The percentage indicated (unit of soil moisture) means the difference from averaged soil moisture for 2 years (2005‑2006). It is recognized that drought occurred in south east area (Granary area) of Australia in 2006.

FIGURE 4

AMSR-E measurements of drought in Australia in 2005 and 2006
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1.3 
Earthquakes

The image below shows a map of the Balakot area (Pakistan) with landslides created by the Earthquake hitting the zone in 2005. By superimposing a map of the local roads it was possible to identify which roads were still accessible by the rescue teams. 

Figure 5

Balakot area (Pakistan), optical images overlaid with local roads
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Figure 6 shows the surface deformation pattern due to the Noto earthquake (March 25, 2007) by processing the image taken by PALSAR mounted on ALOS using the differential interferometric method. The change of distance between the ALOS and the Earth is indicated by the two-dimensional colours in the image. Colour changes are more obvious near the epicentre. In order to evaluate damage due to this earthquake, a maximum rise of 45 centimetres was identified even in land covered by vegetation. 

FIGURE 6

PALSAR measurements of change of land surface before and after earthquake 
in Noto peninsular of Japan on March 25, 2007

[image: image7.jpg]e
am 0 11sm
Faraway  Closer





1.4 
Extreme weather
 

CloudSat made a night-time overpass (approximately 0630 UTC) of the thunderstorms responsible for the tornadic outbreak over Kentucky, Tennessee, and Mississippi on Tuesday, 5 February 2008. This extensive tornado outbreak, which is responsible for more than 50 fatalities and billions of dollars in damage, occurred in the late evening and throughout the night of the 5th into the 6th of February.

The Figure 7 is a night-time Colour infrared image from the National Oceanic and Atmospheric Administration's Geostationary Operational Environmental Satellites with an overlay of CloudSat's descending track. CloudSat transited the region from north to south, and captured the convective outbreaks over Kentucky and Tennessee, then observed the convection over eastern Mississippi. 

Figure 7

Southeast United States GOES colour infrared images overlaid with CloudSat Track 
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Hurricanes spread death and cause devastating destruction to coastal areas every year. Satellite observations provide critical information on track and intensity saving lives and helping to reduce economic impact. The following image is an example image of hurricane Dean.

Figure 8

QuikSCAT image of hurricane Dean in the Gulf of Mexico, 20 August 2007
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1.5
Floods

The two images below show the raw satellite image (right) and its ground interpretation (left) of the XI Jiang River flood in June 2005. The image on the left clearly shows the normal river bed (dark blue), the flooded area (light blue) and the urbanized area (red). The information is derived from the interpretation of satellite radar images.

Figure 9

Xi Jiang River Flood area: Interpreted satellite radar images
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The National Institute for Disaster Management (INGC) declared a red alert on 4 February 2007 for the Zambezi River basin. The roads to Mutarara were cut off. Officials at all levels warned populations living along the Zambezi River about the rising water, and urged people to move to higher ground. The National Water Directorate (DNA) and INGC estimated that between 50 000 and 300 000 people displaced. The satellite-derived picture shows the flooded area in light blue.
Figure 10

Zambezi River basin: Digital elevation map combined with satellite radar image
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1.6 
Landslides/avalanches

This analysis addresses the suitability and potential for the use of high-resolution SPOT-5 remote imagery for geological hazard identification and risk assessment in Matagalpa, Nicaragua. SPOT-5 products are complementary tools in the process of risk analysis and in combination with digital elevation models (DEMs) are particularly helpful for determining large, kilometre-sized hazardous phenomena for watersheds.

The satellite-derived 3D image of the area around the city of Matagalpa, Nicaragua identifies areas at high risk of flooding and landslides, for safer urban development planning. 

Figure 11

Pseudo-Colour SPOT-5 image draped over DEM for 3D simulation with the main scarps 
of large landslides. Typical indicators for landslides are disturbed vegetation and 
deflection of stream traces at the foot of the zone of deposits
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1.7
Ocean pollution

Satellite-borne synthetic aperture radars (SARs) can detect and monitor oceanic oil spills. 

Figure 12

Guimaras Island: Synthetic aperture radar image

[image: image13.jpg]Satellite Identification of Major Oil Spill off the Coast of Guimaras Island, Philippines

ou spint

derived from radar Iimage

24 August 2006

v

24 August zuub

The
to cover approximately
86 square kilometers

I spill is estimated

Philppines
Wania

nesia

Map Legend

Ship Aceident Location
Pot

VilagerToun

Aiport

Road

Ratroad

i Spil Concentratn,

Lake.

High Populaton
Dansiy

River

&
-
o
@
=3
~

Provincs Baundary

Map Scafe: 1:400000 (A3 printout)

St e P

JUNOSAT &

atellite imagery for
www.unosat.org
Gontact information: Intocunosat.org

2407 Mottine: +41 76 487 4998





On 11 August 2006, the oil tanker Solar sunk off the coast of Guimaras Island in the Philippines. By 24 August 2006, some 50 000 gallons of oil had leaked into the sea, polluting more than 300 km of coastline and threatening fishing as well as other islands of the Philippines. The SAR on the ENVISAT satellite was used to derive the image below. It shows the exact location and the extension of the oil slick on 24 August 2006.

Figure 13

Lebanon Coast: Combination of optical and radar satellite images
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An estimated 30 000 tonnes of oil leaked into the Mediterranean from the Jiyeh power plant, 20 kilometres south of Beirut. By 29 July the leaking oil had polluted a coastal zone some 130 kilometres long, north and south of the Lebanese capital. The image was derived by combining optical and radar satellite images.

1.8
Sea and lake ice

The following RADARSAT image shows the monitoring of the 1999 spring ice break-up in Mackenzie Delta, in the North West Territories. The composite image was acquired on 5 May (shown in red), 29 May (shown in green) and 22 June (shown in blue).

Figure 14

Mackenzie Delta, North West Territories, Canada: 
Composite RADARSAT image on 5 May, 29 May, and 22 June 1999
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1.9 
Volcanoes

The following figures show colour composite radar images showing the area around Mount Pinatubo in the Philippines. The main volcanic crater on Mount Pinatubo produced by the June 1991 eruptions and the steep slopes on the upper flanks of the volcano are easily seen in these images. Red on the high slopes shows the distribution of the ash deposited during the 1991 eruption. The dark drainages radiating away from the summit are the smooth mudflows, which even three years after the eruptions continue to flood the river valleys after heavy rain. 

Figure 15

Pinatubo Volcano in the Philippine Islands
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Comparing the two images shows that significant changes have occurred in the intervening five months along the Pasig-Potrero rivers (the dark area in the lower right of the images). Mudflows, called “lahars,” that occurred during the 1994 monsoon season filled the river valleys, allowing the lahars to spread over the surrounding countryside. Three weeks before the second image was obtained, devastating lahars more than doubled the area affected in the Pasig-Potrero rivers, which is clearly visible as the increase in dark area on the lower right of the images. Migration of deposition to the east (right) has affected many communities. Newly affected areas included the community of Bacolor, Pampanga, where thousands of homes were buried in meters of hot mud and rock as 80,000 people fled the lahar-stricken area. Scientists are closely monitoring the westward migration (toward the left in this image) of the lahars as the Pasig-Potrero rivers seek to join with the Porac River, an area that has not seen laharic activity since the eruption. This could be devastating because the Pasig-Potrero rivers might be permanently redirected to lower elevations along the Porac River where communities are located. Ground saturation with water during the rainy season reveals inactive channels that were dry in the April image. A small lake has turned into a pond in the lower reaches of the Potrero River because the channels are full of lahar deposits and the surface runoff has no where to flow. Changes in the degree of erosion in ash and pumice deposits from the 1991 eruption can also be seen in the channels that deliver the mudflow material to the Pasig-Potrero rivers. The 1991 Mount Pinatubo eruption is well known for its near-global effects on the atmosphere and short-term climate due to the large amount of sulfur dioxide that was injected into the upper atmosphere. Locally, however, the effects will most likely continue to impact surrounding areas for as long as the next 10 to 15 years. Mudflows, quite certainly, will continue to pose severe hazards to adjacent areas. Radar observations will play a key role in monitoring these changes because of the radar's ability to see in daylight or darkness and even in the worst weather conditions. Radar imaging will be particularly useful, for example, during the monsoon season, when the lahars form. Frequent imaging of these lahar fields will allow scientists to better predict when they are likely to begin flowing again and which communities might be at risk.

The images were acquired by the Spaceborne Imaging Radar and Synthetic Aperture Radar (SIR‑C/X-SAR) aboard the space shuttle Endeavour on 14 April 1994 (left image) and 5 October 1994 (right image). The images are centered at about 15 degrees north latitude and 120.5 degrees east longitude. Both images were obtained with the same viewing geometry. The area shown is approximately 40 kilometres by 65 kilometres (25 miles by 40 miles). 

1.10 
Wildfires

The artificially coloured image below shows the precise extent of the damage from a large wildfire that hit the Elba Island (Italy) in 2000. It is derived combining visible and infrared satellite images.
Figure 16

Elba Island: Combination of optical and infrared satellite images
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1.11 
Numerical weather prediction

Numerical weather prediction (NWP) is a key component in the mitigation of most of the natural disasters addressed in the preceding examples. The accuracy of the NWP is heavily dependent upon the inclusion of certain satellite microwave data. For example, information from the Advanced Microwave Sounding Unit-A (AMSU-A) system dramatically improves weather forecasts. 

Annex 4

Glossary

	Acronym or Word
	Definition

	ALOS
	Advanced Land Observing Satellite (JAXA)

	ALTIKA
	A future Ka-band (35.75 GHz) Altimeter mission (CNES)

	AMSU
	Advanced Microwave Sounding Unit

	AQUA
	Spacecraft name (NASA)

	ASI
	Agenzia Spaziale Italiana

	BNSC
	British National Space Centre

	CNES
	Centre National d'Etudes Spatiales, (France)

	CONAE
	Comision Nacional de Actividades Espaciales (Argentina)

	COSMO-SKYMED-1-2-3-4
	Spacecraft name (ASI)

	CRYOSAT
	Spacecraft name (ESA)

	CSA
	Canadian Space Agency

	DEM
	Digital Elevation Model

	DMC
	Disaster Monitoring Constellation (multiple nations)

	DMSP
	Defence Meteorological Satellites Program (USA)

	ENVISAT
	Environmental Satellite (ESA + Canada)

	EOSDIS
	Earth Observing System Data and Information System (NASA)

	ERS-2
	Environmental Research Satellite-2 (ESA)

	ESA
	European Space Agency

	EUMETSAT
	European Organization for the Exploitation of Meteorological Satellites

	GCOM-W1
	Global Change Observation Mission-Water (Japan)

	GNSS
	Global Navigation Satellite System

	GPM
	Global Precipitation Measurement (NASA/JAXA)

	InSAR
	Interferometric SAR

	IR
	Infrared, 0.7 – 14 m, or 430 – 25 TeraHertz

	IRS
	Indian Remote Sensing satellite (India)

	ISRO
	Indian Space Research Organization

	ITU
	International Telecommunication Union

	JASON
	A joint CNES/NASA/NOAA Mission

	JAXA
	Japan Aerospace Exploration Agency (Japan)

	LANDSAT
	Land-Satellite, a series of satellites flown by the built by NASA and operated by the USGS (U.S.A.)

	METEOR-M
	METEOR is a meteorological satellite series (Russia)

	METOP
	Meteorological Operational satellite Program, (ESA/EUMETSAT)

	MODIS
	Moderate-Resolution Imaging Spectroradiometer, an instrument

	NASA
	National Aeronautics and Space Administration (U.S.A.)

	NIR
	Near infrared, 0.7 – 1.3 m, or 430 – 230 TeraHertz

	NOAA
	National Oceanic and Atmospheric Administration (U.S.A.)

	NOAA-Series
	NOAA Operational Environmental Satellite series composed of POES (polar) and GOES (geostationary) spacecraft

	NPOESS
	National Polar-orbiting Operational Environmental Satellite System (NOAA)

	NPP
	NPOESS Preparatory Project (NASA/NOAA)

	OKEAN-1
	Spacecraft name, ocean remote sensing system (Russia)

	PARASOL
	A cloud and aerosol mission (CNES)

	POES
	Polar-Orbiting Operational Environmental Satellite (NOAA)

	PROBA
	Project for On-Board Autonomy (ESA)

	P-SAR
	A potential P-band (435 MHz) SAR mission

	QUIKSCAT
	Spacecraft name (NASA)

	RADARSAT
	Radar Satellite (Canada)

	RT
	Real-time, instantaneously transmitted from the spacecraft

	SAC-C
	A joint CONAE/NASA mission, Satélite Argentino de Observación de la Tierra

	SAR
	Synthetic Aperture Radar

	SAR-17
	A potential 17 GHz SAR mission

	SAR-9
	A potential 9 GHz SAR mission

	SEAWIFS
	The instrument on ORBVIEW-2 (U.S.A., commercial operated by Geoeye)

	SENTINEL-1,-2, -3
	Spacecraft in the Global Monitoring for Environment and Security project (ESA)

	SMOS
	Soil Moisture and Ocean Salinity Mission (ESA)

	SPOT
	Satellite Pour l'Observation de la Terre (France, commercial operated by SPOT Image)

	SRTM
	Shuttle Radar Topology Mission (NASA)

	SWIR
	Short-wave infrared, 1.3 – 3 m, or 230 – 100 TeraHertz (also called mid-IR)

	TERRA
	Spacecraft name (NASA)

	TERRASAR
	Spacecraft name (Germany)

	TIR
	Thermal infrared, 3 -14 m, or 100 – 25 TeraHertz

	TOPEX/POSEIDON
	A joint NASA/CNES Mission

	TRMM
	Tropical Rainfall Measurement Mission (NASA/JAXA)

	UNOSAT
	A United Nations program

	URL
	Universal resource locater (internet term)

	USGS
	United States Geological Survey (U.S.A.)

	VAAC
	Volcano Ash Advisory Centre

	VIS
	Visible, 0.4 – 0.7 m, or 750 – 430 TeraHertz

	WINDSAT/CORIOLIS
	Mission name (USA)

	WMO
	World Meteorological Organization











�	The terms and associated definitions used below are from the United Nations’ International Strategy for Disaster Reduction web site at: � HYPERLINK "http://www.unisdr.org/eng/library/lib-terminology-eng home.htm"��http://www.unisdr.org/eng/library/lib-terminology-eng%20home.htm�, although this classification is not typically used by space agencies at this time. 


� 	Recovery (rehabilitation and reconstruction) affords an opportunity to develop and apply disaster risk reduction measures.


�	 Such as, tornados, blizzards, and extraordinary precipitation.


�	“Remote Sensing of Active Volcanism”. Geophysical Monograph 116, edited by P.J.Mouginis-Mark, J.A.Crisp, and J.H.Fink, 2000, American Geophysical Union, Washington, DC.  


�	“Remote Sensing of the Environment”, J.R.Jensen, p. 34, 2000, Prentice-Hall, Inc., Upper Saddle Creek, NJ 07458, USA and “Remote Sensing and Image Interpretation”, T.A.Lillesand and R.W.Kiefer, p.6, 2000, J.Wiley & Sons, New York


�	Water vapor content as a function of altitude.


� 	ITU-R Radio Regulation No. 5.458 states “In the band 6 425-7 075 MHz, passive microwave sensor measurements are carried out over the oceans. In the band 7 075-7 250 MHz, passive microwave sensor measurements are carried out. Administrations should bear in mind the needs of the Earth exploration-satellite (passive) and space research (passive) services in their future planning of the bands 6 425�7 025 MHz and 7 075-7 250 MHz.”


�	Such as, tornados, blizzards, and extraordinary precipitation.





Contact point:
Kelly O’Keefe, Access Partnership, tel: +1 202 772 1873 FILLIN  "Include your phone number (format as follows: Country code+area code+subscriber number Ex +41 22 730 5111)" 
Email : Kelly@accesspartnership.com
 FILLIN  "Insert your email address"  \* MERGEFORMAT 
document4
07.08.08 – 10:48

[image: image19.jpg]2006,/10 Soil maisture

19820 125 30 135 ga0 145 gm0 1ms

3 3 28 24 20 5 -1z




