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	Summary and purpose of document
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Action proposed
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AGENDA ITEM
TITLE
1. This Agenda Item concerns the development of draft best practice guidance material for WMO Members, in the form of an IOM report, based on experience in establishing and operating the Argentinian aerosol lidar network. 
2. The meeting is invited to review the draft material contained in the Appendix, and to provide feedback to the authors on its suitability for publication as an IOM report, with any suggestions for refinement. 
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APPENDIX:
ADVANCED AEROSOL REMOTE SENSING MONITORING NETWORK IN ARGENTINA

DESCRIPTION OF THE GROUND-BASED REMOTE SENSING AEROSOL MONITORING NETWORK IN ARGENTINA: NODE LOCATION, INSTRUMENTS, LIDAR SYSTEM DESCRIPTION AND OPERATIONAL ASPECTS OF THE NETWORK
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NOTE

The designations employed and the presentation of material in this publication do not imply the expression of any opinion whatsoever on the part of the Secretariat of the World Meteorological Organization concerning the legal status of any country, territory, city or area, or its authorities, or concerning the limitation of the frontiers or boundaries.  This report has been produced without editorial revision by the Secretariat. It is not an official WMO publication and its distribution in this form does not imply endorsement by the Organization of the ideas expressed.
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1.  Introduction

The recent and abundant volcanic activity of the Southern Zone of the Andean Volcanic Belt made important aerial disruptions over the region via both direct (ashes transported from the volcano itself) and indirect (deposited ashes lifted from the ground and transported many kilometers away) effects. 

Since 1990 lidar has been one important research subject at the Laser and Application Research Center (CEILAP) in Argentina. The Lidar Division has developed many lidar systems to investigate aerosols in the troposphere as well as ozone in the stratosphere. The group has grown and nowadays its researchers have expanded their horizon to diverse and new atmospheric remote sensing technologies as the development of differential optical absorption spectroscopy (DOAS) instrumentation and the operation and analysis of millimeter wave radiometers. The lidar systems at CEILAP detected many of the long range transport episodes and their observations caused the request of the deployment of lidar instruments and related instrumentation to monitor volcanic ash transport.

The National Weather Service in Argentina has many particular characteristics among other meteorological organizations around the world since it has to lead with the latitudinal extent of the monitoring region, the important surface of the Country, the presence of the Andes Mountain Range creating an important orographic lift and the presence of hundreds of volcanoes. It is responsible of informing about the presence of volcanic ash so it uses satellite information and numerical modelling tools to achieve this goal. In addition, it is working in collaboration with CEILAP operating the lidars and the collocated in situ instrumentation to provide more accurate reports. 

Volcanic activity has then impacted over many institutions, activating them to develop an efficient risk management monitoring network to detect and analyze the effects of the volcanic ash over the region. 

2. The Projects 

Both projects have their origin after the Puyehue Cordón Caulle Volcanic eruption which created an important flight disruption over the region from June 2011 to February 2012. This happened one year after the Eyjafjallajökull eruption event. The goal was to develop lidar systems as well as to buy complementary instrumentation to monitor the presence and effects of volcanic ashes and to deploy this instrumentation along the country.

The first project approved was the Special Project of the Ministry of the Defense MD31554/11 which goal was to develop five instrumental station operating in a network configuration over most of the International Airports in the Patagonian Region in Argentina. This network was developed by CEILAP and provided to the National Weather Service. A second project was a Science and Technology Research Partnership for Sustainable Development (SATREPS) between Argentina, Chile and Japan. This project added 2 High Spectral Resolution Lidars (HSRL) to the network and and two other lidars which are similar to the ones developed for the MD31554/11. One lidar is being installed at Punta Arenas (Chile) while the others are being installed over sites close to International Airports in the northern part (over a region from 20 degrees (latitude) and 16 degrees (longitude) in Argentina.

3. Network node locations

The projects involved on this research have the initial goal of developing and bringing the stations (installed into a 20 feet maritime container) to existing National Weather Service monitoring places, most of them close to the most important international airports in the Region. Those locations have already standard monitoring instrumentation, so the upgrade will provide them new commercial instruments as well as advanced remote sensing technologies to measure aerosol and aerosol-influenced parameters. 

For the MD31554/11 Project, those locations are: 

1. At Buenos Aires Autonomous City in the Province of Buenos Aires, the Airport Jorge Newbery, ICAO/IATA codes: SABE/AEP, Location: 34°33’33.0”S, 058°24’56.7”W

2. At Bariloche City in the Province of Río Negro, the San Carlos de Bariloche Airport, ICAO/IATA codes: SAZS/BRC, Location: 41°09’04”S, 71°09’27”W

3. At Comodoro Rivadavia City in the Province of Chubut, the the General Enrique Mosconi International Airport, ICAO/IATA codes: (SAVC/CRD), Location: 45°47’07”S, 67°27’55”W

4. At Nequén City, in the Province of Neuquén, the Presidente Perón International Airport, ICAO/IATA codes: SAZN/NQN, Location: 38°56’56”S, 68°09’20”W

5. At Río Gallegos City, Province of Santa Cruz, the Piloto Civil Norberto Fernández International Airport, ICAO/IATA codes: (SAWG/RGL), Location: 51°36’31”S, 69°18’45”W

The Patagonic International Airports in Argentina (following ORSNA Organismo Regulador del Sistema Nacional de Aeropuertos) not covered by the lidar network up to Jan 2016 are:

a) At El Calafate City in Santa Cruz Province, the Comandante Armando Tola International Airport, ICAO/IATA codes: (SAWC/FTE), Location: 50°16’49”S, 72°03’11”W

b) At Río Grande City, in Tierra del Fuego Province, the Hermes Quijada International Airport (Río Grande Airport), ICAO/IATA Codes: (SAWE/RGA), Location: 53°46’39”S, 67°44’57”W

c) At Ushuaia City in Tierra del Fuego Province, the Malvinas Argentinas International Airport, ICAO/IATA codes: (SAWH/USH), Location: 54°50’35”S, 68°17’44”W

Those Airports are relatively close and then they can be considered as spatially covered by the Network.

The SATREPS Project intends to complete the coverage in the coutry adding both northern and central region. The candidate sites are:

· In the “Pampeana” Region

a. Córdoba, Córdoba, SACO, COR, Ing. Aer. Ambrosio L.V. Taravella International Airport, 31°19’25”S 64°12’28”W

· In the Northwest Region

a. Tucumán, Tucumán, SANT, TUC, Teniente General Benjamín Matienzo International Airport, 26°50’27”S 65°06’17”W

Other Airports in the Region are

· In the “Pampeana” Region

a. Buenos Aires Metropolitan Area
Buenos Aires, SAEZ, EZE, Ministro Pistarini International Airport, 
34°49’20”S 58°32’09”W

b. Mar del Plata, Buenos Aires, SAZM, MDQ, Ástor Piazzolla International Airport (formerly Brig. General Bartolomé de la Colina), 37°56’03”S, 57°34’24”W

c. San Fernando, Buenos Aires, SADF, FDO, San Fernando Airport, 34°27’11”S, 58°35’22”W

d. Corrientes, Corrientes, SARC, CNQ, Doctor Fernando Piragine Niveyro International Airport, 27°26’43”S, 58°45’42”W

e. Paso de los Libres, Corrientes, SARL, AOL, Paso de los Libres Airport, 29°41’21”S, 57°09’07”W

f. Rosario, Santa Fe, SAAR, ROS, Rosario - Islas Malvinas International Airport, 32°54’13”S, 60°47’06”W

· In the “Cuyo” Region

a. Mendoza, Mendoza, SAME, MDZ, Governor Francisco Gabrielli International Airport (El Plumerillo International Airport) 32°49’54”S 68°47’34”W

· In the Northwest Region

a. Jujuy, Jujuy, SASJ, JUJ, Gobernador Horacio Guzmán International Airport, 24°23’34”S, 65°05’52”W

b. Salta, Salta, SASA, SLA, Martín Miguel de Güemes International Airport, (El Aybal Airport), 24°51’21”S, 65°29’10”W

c. Termas de Río Hondo Santiago del Estero, SANH, RHD, Las Termas Airport, 27°30’51.7”S, 64°54’19.5”W

· In the Northeast Region

a. Formosa, Formosa, SARF, FMA, Formosa International Airport (El Pucú Airport), 26°12’45”S, 58°13’41”W

b. Resistencia, Chaco, SARE, RES, Resistencia International Airport (José de San Martin Airport), 27°26’59”S, 59°03’22”W

c. Posadas, Misiones, SARP, PSS, Libertador General José de San Martín Airport, 27°23’09”S, 55°58’14”W

d. Puerto Iguazú, Misiones, SARI, IGR, Cataratas del Iguazú International Airport (Mayor D. Carlos Eduardo Krause Airport), 25°44’14”S 54°28’24”W

4. Instruments provided by the aerosol network at each node

The projects involved on this research have the initial goal of developing and bringing the stations (installed into a 20 feet maritime container) to existing National Weather Service monitoring places, most of them close to the most important airports in the Region. Those locations have already standard monitoring instrumentation, so the upgrade will provide them new commercial instruments as well as advanced remote sensing technologies to measure aerosol and aerosol-influenced parameters. 

The advanced ground based remote sensing instrumentation are:

· Nd:YAG laser based coaxial multi-wavelength backscatter lidars having Raman and depolarization capabilities in the visible and ultraviolet spectral regions

· CIMEL sun-photometer instrument integrated to the AERONET/NASA world wide aerosol monitoring network.

· SciGlob sun-photometer based on a differential optical absorption spectrometer (DOAS) to complement volcanic ash detection since they are able to monitor the presence of volcanic trace gases inside the plume. 

The project also added other instruments to each station to provide complementary information. These instruments are a laser nephelometer to detect simultaneously total suspended particles, PM10, PM2.5 and PM1 volume concentration at the surface level (Turnkey Ltd. Optical Particle Analysis System, TOPAS); UV-VIS-IR radiometers (Pyranometer, YES UVA1 - UVB-1 and Biospherical Inc GUV) to monitor the incoming radiation. In addition the projects also include meteorological stations to automatize the collection of the standard meteorological fields at those sites. 

5. Lidar system description

The lidar unit is a 20 feet container conveived as a laboratory that must have access to electricity, internet and telephony. The lidar system itself occupes 50 percent of the space.

The system has a Nd:YAG laser operating at 1064, 532 and 355 nm and collects the atmospheric backscattered radiation generated from these excitation wavelengths.  The detection system has depolarization capabilities for the visible and ultraviolet elastic backscatters and also collects the nitrogen Raman backscatter generated from those excitation wavelengths. In the ultraviolet range the system also detects the water vapor Raman backscatter. 

The lidar computer controls the laser and the acquisition system. The same computer generates internal and internet reports and saves the files locally and in external servers. The operator can control this computer in situ or from a remote terminal. 

6. Overall Structure

The 20 feet container has two rooms that physically isolates the lidar’s room from the operator’s place. One uninterrupted power supply (6 kVA) provides electricity to the lidar’s room phase, the other (3 kVA) to the operator’s place phase. The third phase provides electricity to the air conditioner and room heater sets, one for each room.  

The operator’s place has the internet and three-phase electricity input, both UPS, computers, working tools and drawers. 

The lidar’s room access is done by the operators place. It has a 50 cm x 50 cm window on top with a remote-controlled opening mechanism to let the lidar measure. 

6.1. Container Structure

The lidar structure contains the lidar and all the associated instrumentation. It has two structures: one keep all the elements that require critical alignment (laser, telescope and polychromator box aligned) and another to place the lidar associated instrumentation (transient recorder, computer, monitor, oscilloscope, trigger generator, power supplies, etc).

6.2.  External Structure

This external structure holds all the lidar systems and sub-systems. It has rectangular shape and three levels. The lower one has the electronics, the mid one the optics, the laser the keyboard and monitor while the higher one has most of the complementary instrumentation to perform the measurement.

6.3.  Internal Structure

This structure holds and preserves the alignment between the laser, the telescope and the polychromator. Is has low thermal expansion in order to improve the system’s long term stability and to reduce misalignments generated by the thermal cycling of the air conditioning as well as heating units .

6.4. Emission System

6.4.1. Laser System

The lidar source is a flashlamp-pulsed Nd:YAG laser, Continuum Surelite I – 30 Hz that provides a maximum energy per pulse of 380 mJ, 130 mJ and 25 mJ at 1064 nm, 532 nm and 354.7 nm respectively. The laser pulse duration is shorter than 7 ns for all wavelengths, the divergence is about 500 μrad (pointing stability of 70 μrad) and the unseeded spectral bandwidth is 1 cm-1. 

6.4.2. Emission Optics

The laser sends the beam to the atmosphere. Since the lidar has no beam expander the energy density provides eye safety at flying levels. The beam is oriented using an uncoated fused silica right angle prism in total internal reflection mode. Special care is taken to avoid back-reflections to the laser cavity and to avoid reaching during the alignment the fused silica critical angle of 43.6 degrees at the fundamental wavelength. The beam passes along a 4 mm soda lime glass tilted by 10 degrees to avoid direct reflection into the reception optics. This is an inexpensive material and helps to keep the temperature of the container and the optical alignment constant and to protect the instrument form dust sudden rain or hail. The major drawback is the low internal transmission of this material in the UV and IR spectral regions (double pass internal losses of 37.2%, 3.4%, and 21.3%, for the fundamental, second and third harmonic of the Nd:YAG emission respectively), which is comparable to the two way Fresnel losses between 13% and 14%. The signal after these significant loses is still too strong and need further attenuation to be measured properly.

6.4.3. Aligning Mechanism

This mechanism was made to align the laser beam coaxially to the telescope’s optical axis accurately and producing a minimum interference between the acquired signals during this action.

To minimize the shadow of the prism mount is placed in the shadow secondary mirror. This region of the telescope provides the system short range detection capabilities but it has a marginal influence on the long range detection. A worm drive mechanism coupled to a standard pitch M4 screw at 21 mm from the mount center of rotation provides a resolution of 1.67 milliradians per turn. This is about five times the coarse resolution of a standard one inch kinematic mount. A flexible shaft decouples mechanically the prism mount mechanism from the adjustment knob (stepper motor for the new release) to increase the alignment accuracy and to perform alignment operations far from the observation field of the telescope.

6.5. Detection System

6.5.1. Telescope

A 20 cm Newtonian telescope collect the backscattered radiation and focus it into a variable zero-aperture diaphragm placed at the focal length of the primary mirror at 100 cm. The secondary mirror creates a central obstruction of 55.88 millimeters (8% losses in the far range). The prism mount is attached to the telescope tube.

6.5.2. Collimation Optics

A 25 mm in diameter fused silica plano-convex spherical lens at 60 cm from the diaphragm. Due to the important weight of the spectroscopic box this piece can glide inside the box while focusing the system without affecting significantly the image position location.

6.5.3. Beam Splitting

The spectroscopic box has the same optical path (30 cm in the current design) between collimating and focusing optics for all the wavelengths, except for the 1064 nm sensor which has its own fish-eye focusing lens. The beam separation is generated using long wave beam splitters at 45 degrees. The first beam splitter separates UV from visible radiation while the second one separates visible from IR radiation. In the UV radiation optical path, a beam splitter separates the 354.7 nm elastic return from the nitrogen and water vapor Raman shifted wavelengths corresponding to 386.7 nm and 407.5 nm. In the visible radiation optical path, another beam-splitter separates the 532 nm elastic return from the nitrogen Raman shifted wavelength at 607.3 nm. The IR radiation passes straightforward trough the spectroscopic box reaching the detector at the end of a 20 cm optical path.

6.5.4. Filtering and Focusing Optics

All the visible and ultraviolet optical paths have an interference filter of 1 nm full width at half maximum at the end and an optical density of 6 at all the other wavelengths detected by the lidar. After the interference filter a fused silica lens 

6.6. Acquisition and Data Analysis

6.6.1. Detectors

6.6.2. Transient Recorders

6.6.3. Acquisition Software

6.7. High Spectral Resolution Lidars Added to the Network

High spectral resolution lidar (HSRL) measures spectrally broadened Rayleigh scattering separately from spectrally narrower Mie scattering. Using Rayleigh and total (Mie + Rayleigh) scattering signals, aerosol extinction and backscattering can be retrieved without the assumption of extinction-to-backscattering ratio. Rayleigh scattering signals are sensitive enough to be measured in daytime and hence continuous observation of aerosols with HSRL is feasible. The HSRL system in the network employs a single mode laser as the light source. In the receiver part, an iodine absorption filter is used as a high-spectral-resolution optical element to reject the Mie scattering and to penetrate part of Rayleigh scattering at the second harmonic wavelength (532 nm). A feedback control system is built for matching the laser wavelength to the absorption line since the laser wavelength can gradually change with time.

6.7.1. Emission

Surelite I (Continuum, United States) with injection seeding operation is used as the transmitter. The pulse repetition rate of the laser is 10Hz. The seed laser, SI-2000 is a single-mode cw fiber laser consisted of a cavity with two fiber bragg gratings (FBG) in a Yb doped fiber. The output coupler FBG has narrow band reflectivity that allows single longitudinal mode oscillation. The laser wavelength is calibrated at the factory and can be tuned within the 20-30GHz range by changing the heater temperature of FBG. To match a longitudinal mode of the host laser to the seeder laser wavelength, the cavity length of the host laser is determined to be the shortest build up time by controlling the piezo element mounted on the rear mirror of the host laser. The spectral width of output single longitudinal mode laser is 0.005cm-1.

6.7.2. Detection

In the receiver part, a pyrex glass cell (40 cm long, 5 cm inner diameter) enclosed iodine with high vacuum is set. The cell is wrapped in aluminum foil and heating wire is further coiled to stabilize temperature inside the cell. The cell temperature is monitored by a sensor and is set to be 50 degree celsius by a controller. In front of the iodine cell, a beam splitter is set to use 70% of 532 nm light for the HSRL channel. For the rejection of Mie scattering light, the number 1111 (18788.4510cm-1, Gerstenkenkorn and Luc, 1978) of iodine absorption lines is used. We measured transmittance spectrum of the absorption line using the transmitter laser light. The minimum transmittance was 0.07% and the full width at half maximum was 2.3 pm. Calculated transmittance for Rayleigh scattering using the spectral shape is 28% (maximum).

6.7.3. Wavelength Locking Method

To reject Mie scattering with the filter, the laser wavelength (second harmonic wave) must be matched to the center of the iodine absorption line. A shorter iodine cell (20cm long) is arranged in the transmitter part and a partially reflected laser beam is measured after passing through the cell to build a feedback system for controlling the laser wavelength. The laser light is reflected by an uncoated glass (15mm thickness) and is split into two beams. The two beams are then put into acoustic optical modulators (AOM) to make Doppler-shifted beams. The frequency shift is 260 MHz and the angle of the diffracted beam against the incident light is 33 mrad. Setting two AOMs in opposite direction, Stokes and Anti-Stokes light beams are generated. The two beams (positive and negative shifts) in addition to the unshifted beams are measured with photo detectors after passing through the 20 cm iodine cell and an interference filter. Iodine absorption spectrum is obtained scanning laser wavelength and we can find the center of the iodine absorption line. The laser wavelength is then regulated to the center of the absorption line by using the signals of Doppler-shifted beams. Taking the ratio of positively shifted signal (P+) to negatively shifted signals (P-), the spectrum shape of the ratio (Prt=P+/P-) in the logarithmic scale is similar to the first-order differentiation of the absorption spectrum. The Prt value at the center of the absorption line is used as the reference value, and thresholds from the reference value are set to stabilize the laser wavelength within 80MHz. If certain Prt exceeds (falls below) the upper (lower) threshold, the heater temperature of the seed laser is turned down (up) to adjust the laser wavelength to the center of the absorption line. The feedback control system enables continuous observation of aerosols with HSRL.

7. Operational Aspects of the Network

7.1. Data Visualization

7.2. Quality Check

7.3. Real Time Data

7.4. Network Data Communication

7.5. Data Analysis Offline

7.6. Data Assimilation
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