1 T-REX Operations Overview

1.1 Summary of T-REX Science Objectives 


T-REX is a study of the structure and evolution of atmospheric rotors and closely related phenomena in complex terrain. Atmospheric rotors are intense low-level horizontal vortices that form along an axis parallel to, and downstream of, a mountain ridge crest in close association with large-amplitude mountain waves. Rotors are characterized by high levels of turbulence and represent a known hazard to aviation. Strong wind conditions, accompanying rotors, pose a serious hazard to both air and ground transportation, and such windstorms can loft large amounts of dust and other particulate matter into the atmosphere. Despite their considerable impact on human activity, our knowledge of rotor size, internal structure, turbulence intensity, and predictability is still limited. 


The core scientific objective of T-REX is a comprehensive study of the coupled mountain wave–rotor–boundary-layer system, reflecting the fact that rotors are strongly coupled to both the structure and evolution of overlying mountain waves and the underlying boundary layer. This core set of objectives includes the role of upstream flow properties, wave–rotor dynamic interactions, internal rotor structure, rotor–boundary-layer interaction, and the upper-level wave breaking and turbulence. A set of complementary T-REX scientific issues covers related research studies. These include research on stratosphere-troposphere exchange, boundary-layer structure and evolution in the absence of rotors, and wave cloud phase transitions. Further information on the science objectives of T-REX can be found in the T-REX Science Overview Document at http://www.joss.ucar.edu/trex. 

1.2 T-REX Field Schedule


The field phase of T-REX will start on 1 March 2006 and conclude on 30 April 2006 inclusive of these dates. The majority of T-REX instrument systems will be deployed during all 61 days of the field campaign. Certain facilities, however, will only participate for a portion of the full field period (Table 1). 


The primary T-REX Operations Center in Bishop, CA (BOC) will begin preliminary operations on 27 February to prepare for the first potential flight operations on March 1 and to test communications. The first Daily Planning Meeting will take place at 1200 PLT (Pacific Local Time) on 27 February 2006. The secondary Operations Centers, at the NCAR RAF at JeffCo Airport in Broomfield, CO and at the Fresno Airport in Fresno, CA will start operations on February 27 and March 15, respectively. Forecasting support for T-REX at the National Weather Service (NWS) Las Vegas office and real-time runs by mesoscale modeling groups at NRL and elsewhere will begin on 27 February and continue through 30 April 2006. The Daily Planning Meetings will always take place at 1200 Pacific Local Time (PLT). Daylight saving time begins in the United States at 0200 LT April 2. Consequently, the Daily Planning Meetings will take place at 1200 PST (2000 UTC) before April 2, and at 1200 PDT (1900 UTC) thereafter. 

1.3 T-REX Instrumentation


The T-REX comprehensive observing program, which has both substantial ground-based and airborne components, reflects the need to document processes that involve spatial and temporal scales ranging from microscale to the scale of the entire Sierra Nevada mountain range, and extend from the ground up to the upper-tropospheric, lower-stratospheric altitudes. The combination of aircraft and ground-based measurements is important for documenting the coupling between the boundary layer and rotors and the dynamical linkages between rotors and mountain waves aloft.  


T-REX will use three aircraft for documentation of rotors and mountain waves, one equipped with dual Doppler cloud radar capability, two equipped with dropsondes, to obtain densely sampled thermodynamic and velocity data for documentation of airflow over the study area. Dropsondes will be used to obtain velocity and thermodynamic data in a deep layer of atmosphere both upstream and over the study area including highly turbulent zones associated with breaking gravity waves aloft and rotors at lower altitudes. Table 1 gives the list of T-REX aircraft, their deployment periods, research flight hours, and bases of operation. 

	Research Aircraft
	Deployment Period
	Research Flight Hours
	Base of Operation

	HIAPER (NSF/NCAR)
	3/01 – 4/30
	120
	Jefferson County Airport

Broomfield, CO

	King Air (U Wyoming)
	3/01 – 4/30
	100
	Eastern Sierra Regional Airport Bishop, CA

	BAe146 (UK FAAM)
	3/16 – 4/09
	50
	Fresno Yosemite International Airport Fresno, CA


Table 1 List of T-REX aircraft with their deployment periods, number of research flight hours, and bases of operation. 


T-REX ground-based instrument systems, including Doppler and aerosol lidars, wind profilers, sounding systems, dense networks of automatic weather stations, flux towers, tethered lifting system, time-lapse and stereoscopic photography, and measurements from an instrumented car, will be used in conjunction with airborne systems to document the three-dimensional nature of the coupled rotor system in unprecedented detail. A subset of the ground-based instrument systems will be also used in isolation for observations of the boundary-layer structure and evolution in Owens Valley during quiescent conditions in the absence of rotors. The complete list of ground-based systems provided by the various US and European investigators is given in Table 2.

	Platform/Instrument
	Deployment Period
	Location

	DRI AWS
	long-term
	Owens Valley, S of Independence

	U Leeds AWS
	3/01 – 4/30
	Owens Valley, N of Independence

	ASU Doppler lidar
	3/01 – 4/30
	Owens Valley, near Independence

	DLR Doppler lidar
	3/14 – 4/13
	Owens Valley, near Independence

	NCAR REAL
	3/01 – 4/30
	Owens Valley, near Independence

	NRL aerosol lidar
	3/14 – 4/30
	Owens Valley, near Independence

	NCAR ISS MAPR
	3/01 – 4/30
	Owens Valley, near Independence

	NCAR ISS DBS
	3/01 – 4/30
	Owens Valley, W of Independence

	NCAR MISS
	3/01 – 4/30
	Owens Valley, base S of Independence, mobile

	NCAR sodar
	3/01 – 4/30
	Owens Valley, Independence Airport

	NCAR ISFF
	3/01 – 4/30
	Owens Valley, W, S, and E of Independence

	ASU flux tower
	3/01 – 4/30
	Owens Valley, collocated with ASU lidar

	ASU sodar/RASS
	3/01 – 4/30
	Owens Valley, collocated with NCAR ISS MAPR

	U Houston flux tower
	3/01 – 4/30
	Owens Valley Radio Observatory, Big Pine

	U Houston sodar
	3/01 – 4/30
	Owens Valley Radio Observatory, Big Pine

	NCAR soil M&T sensors
	3/01 – 4/30
	Owens Valley, locations throughout

	U Utah HOBOs
	3/01 – 4/30
	Owens Valley, locations throughout

	U Innsbruck WOW
	3/21 – 4/13
	Owens Valley, mobile

	Yale video cameras
	3/01 – 4/30
	Owens Valley, south of Independence

	DRI photogrammetric cams
	3/01 – 4/30
	Owens Valley, various locations 

	CU TLS
	3/15 – 4/14
	Owens Valley, E of Independence

	U Leeds radiosonde system
	3/01 – 4/30
	Owens Valley, Independence Airport

	NCAR GPS base
	3/01 – 4/30
	Owens Valley, Independence Airport

	Yale K-band radar
	3/01 – 4/30
	Wuksachi Lodge, Sequoia National Park (upwind)

	AFRL thermosonde
	3/20 – 4/07
	Three Rivers, CA (upwind)

	NCAR MGAUS
	3/01 – 4/30
	mobile, based in Visalia, CA (upwind)

	GPS radiosonde system
	3/01 – 4/30
	NAS Lemoore, Lemoore CA (upwind)


Table 2 List of T-REX ground-based instruments with their deployment periods and locations. 

1.4 T-REX Operations Domain


The T-REX field campaign will take place in the Sierra Nevada in eastern California (Figure 1). Majority of the T-REX ground-based instrumentation systems will be deployed in Owens Valley in the vicinity of the marked cross-valley transect, on the lee side of the Sierra Nevada, and will build upon what was deployed there during the pilot field program, Sierra Rotors Project (SRP) in 2004. A smaller number of T-REX ground-based systems will be located along the upwind Sierra Nevada slopes and within the San Joaquin Valley (Figure 2). 

1.4.1 Aircraft Bases of Operation


The three T-REX aircraft will operate out of three different bases. The NSF/NCAR HIAPER (GV) will operate out of the NCAR Research Aviation Facility (RAF) base at the Jefferson County Airport in Boulder, CO. The University of Wyoming King Air will be based at the Eastern Sierra Regional Airport in Bishop, CA, and the UK FAAM BAe146 aircraft will operate out of Fresno Yosemite International Airport in Fresno, CA (Figure 3). 
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Figure 1 Shaded relief topographic map of the central and southern Sierra Nevada (left panel) and Owens Valley (right panel). The north-south elongated Owens Valley lies in between the Sierra Nevada and the White-Inyo mountain ranges, which define its west and east walls, respectively. The yellow dotted line in the right panel shows the position of the cross-valley measurement transect through Independence, California and the location of the dry bed of Owens Lake. 
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Figure 2 T-REX ground-based instrumentation systems and their locations. 

1.4.1 Location of Support Services
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Figure 3 Bases of operation of the three T-REX aircraft, and the locations of the T-REX Operation Centers.  

The primary T-REX Operations Center in Bishop, CA (BOC) will be located at the White Mountain Research Station, 3000 E Line St., east of Bishop, CA.  The layout of the BOC is shown in Figure 4.  The Daily Planning Meeting will take place in the BOC Meeting Area. Nowcasting and short-term forecasting will occur in the BOC Command and Coordination Center. The secondary Operations Centers will be located at the RAF JeffCo facility and at the UK FAAM Fresno Airport analysis center, and will be connected to the Daily Planning Meeting via Access Grid (AG) or standard teleconferencing technology. 
1.5 T-REX Funding, Support, and Participation


T-REX is a multi-agency, multi-national research project. Major funding for T-REX is provided by the National Science Foundation and the UK Natural Environment Research Council. Additional funding is provided by the Department of Defense, the Deutschen Zentrum für Luft- und Raumfahrt (DLR), the Swiss Science Foundation, and the Austrian Ministry of Science. Participants in T-REX include investigators from a large number of US universities and agencies, the National Center for Atmospheric Research, and several European universities and research institutes. 
2 T-REX Modes of Operation and Missions


The March-April time frame is well suited for the entirety of the T-REX scientific objectives. Earlier projects in the field study area, including the SRP in 2004, indicate that these two months, in particular April, have the highest frequency of wave and rotor events due to the position at this time of the year of the boundary between the polar and subtropical jets, which provides optimal conditions for development of large-amplitude mountain waves and rotors. During this period, weather conditions conducive of wave and rotor generation over Owens Valley are found to occur on average every four to six days. In between individual wave and rotor events, there are likely to be days when quiescent to moderately disturbed boundary layers can be studied in Owens Valley.


T-REX observational activities will be conducted within the following modes of operation:

· Intensive Observing Periods,

· Continuous Monitoring, and 

· Enhanced Observing Periods.


In addition to these three main modes of operation, individual investigators or groups of investigators might engage in special observations involving only ground-based instrumentation under meteorological conditions that are suitable for their individual objectives. These special observations always need to be brought to the attention of the Operations Center staff including the Science Director and Operations Director, in particular if these activities require operations support such as notification of FAA.

2.1 Intensive Observing Periods


An Intensive Observing Period (IOP) is a period of comprehensive ground-based and/or airborne observations in the project target area organized and launched to document the evolution and structure of the rotor coupled system within and over Owens Valley during strongly perturbed conditions favoring rotor and/or mountain wave formation in the lee of the Sierra Nevada. The main criterion for launching an IOP will be an indication 24 to 48 hour in advance of either mountain wave or combined wave and rotor activity over Owens Valley based on the forecasts of mesoscale models involved in the T-REX real-time forecasting effort. The IOPs are the highest priority T-REX operation, and every effort will be made to maximize their number and duration in order to achieve the scientific goals of the program.

IOPs do not have a predetermined length. Weather conditions conducive of wave and rotor formation can last from several hours to several (3-4) days. Given the importance of transitions from undisturbed to strongly disturbed conditions favoring rotor formation, an attempt will also be made to include transition periods as part of IOPs based on the available forecasts. As crew duty limits for some of the ground-based systems (Chapter 5) and research aircraft (Chapter 6) specify the maximum length of operations of 48 hours, special attention will be paid in the mission planning process to effectively use available observational resources in order to maximize the coverage of the wave and rotors events. 


The T-REX research aircraft missions will be flown during IOPs only. During any 24-hour period within an IOP, the HIAPER and BAe146 aircraft will be able to each complete a single research flight. Within any IOP, back-to-back flights by HIAPER are limited to a 48-hour period of time only. For the King Air, two research flights are possible within a single day and multiple flights in successive days as long as crew duty limits and other operational constrains are fully observed. Selection of aircraft missions and the coordination of the three aircraft will be determined during the daily mission planning process. 


All available ground-based instrumentation systems will be actively operated during IOPs. Where various modes of operation are indicated, instruments will operate in their rotor documentation mode. The coordination between the ground-based remote sensor scanning strategies and King Air flights over the ground-based installations near Independence will be determined as part of the mission planning process. All continuously monitoring ground-based systems will also collect data during these periods. 


In order to monitor upstream conditions and obtain key measurements required for pre-flight planning (e.g., ridge-level wind speed and direction), GPS radiosondes will be launched at regular intervals (either every 3 or 6 hours) from the NAS Lemoore during a 24-hour period ahead of planned research flights. To maximize the coverage of upstream conditions during an IOP, radiosondes will be launched subsequently from both the NCAR MGAUS and NAS Lemoore upstream sites. It should be noted that the hours of operation for NAS Lemoore are:  Mon-Thu: 0530–0000 PST; Fri: 0530–1800 PST; Sat: 0730–1800 PST; Sun: 1030–2100 PST. In Owens Valley, radiosondes will be launched from the NCAR ISS/MAPR site at regular three-hourly intervals at 0200, 0500, 0800, 1100, 1400, 1700, 2000 and 2300 UTC. 

2.2 Continuous Monitoring


Continuous Monitoring (CM) involves continuously operating fixed networks of remote and in situ sensors, which will be operated throughout the entire two-month field period under all atmospheric conditions to acquire robust statistics and baseline data on flows within Owens Valley. This is a ground-based operation only, and is the main mode of operation for documentation of quiescent boundary-layer conditions in Owens Valley. 


The continuously operating ground-based systems include networks of automatic weather stations, temperature sensors (HOBOs), Doppler sodars, Radio Acoustic Sounding Systems (RASS), Integrated Surface Flux Facility (ISFF; three 30-m tall heavily instrumented towers), smaller flux towers, and three continuously operating 915 MHz wind profilers (ISS). Additional continuously operating ground-based instrument, located at the Independence Airport, is the GPS base station, providing data for differential GPS post-processing. 


A special continuous monitoring operation in Owens Valley, consisting of regular twice daily radiosonde launches, will be supported by a group of T-REX Principal Investigators. This operation will launch RS-80 and RS-80G sondes from a ground station based at the Independence Airport. The twice-daily radiosonde launches will be carried out at 1400 and 2300 UTC (0600 and 1500 PST). 


For continuously monitoring instrumentation systems, including the twice-daily radiosonde launches, the report of their status will be provided to the Operations Center on a daily basis.
2.3 Enhanced Observing Periods

An Enhanced Observing Period (EOP) is a 21-h period of ground-based observations within Owens Valley only. EOPs will supplement the continuously operating ground-based platforms with the purpose of documenting the diurnal evolution of the quiescent boundary layer and providing the normal undisturbed conditions necessary for interpreting data collected during mountain wave and rotor events, which can occur at any time of day. The weather conditions for an EOP include weak winds aloft (≤ 6 m s-1 at ridge height) and clear-to-partly-cloudy skies (high thin clouds of any fractional coverage or low or middle clouds with up to 2/10 cloud coverage are acceptable) over the project target area when radiation conditions are expected to be optimal for the formation of a temperature inversion and local valley wind systems inside Owens Valley. These conditions are expected in conjunction with a high-pressure ridge over the U.S. West Coast, precluding the development of wave and rotor events. The prototypical EOP will begin at 3 p.m. PLT and extend to noon PLT on the following day. 


The criteria for launching an EOP are: i) favorable weather conditions for the development of a quiescent boundary layer within Owens Valley, and ii) non-interference with IOPs, including consideration of staff fatigue issues both before and after proposed EOPs and availability of RS-92G sondes and launch supplies at the NCAR ISS/MAPR site. EOPs may be declared only after higher-priority T-REX operations are considered first. The number of EOPs may be constrained by the availability of group resources particularly early in the project when the observational resource expenditure rate will not be established. As weather conditions favourable for EOPs are quite different from those for IOPs, it is expected that interferences will be easily avoided. Nevertheless, EOPs may need to be shortened or altered if there is a sudden change in the forecast for rotors. 


Ground-based instruments that will be involved in EOPs include radiosonde launches from the NCAR ISS/MAPR site at the same 3-hourly intervals as in IOPs, a subset of lidars, and the CU Tethered Lifting System (TLS). In selected events, when sufficient non-NCAR staffing is available, additional RS-80G or RS-80 radiosondes may be launched at the Independence Airport site to increase the sounding frequency from the 3-hourly launches at the NCAR MAPR site. The TLS will make frequent soundings during the evening and morning transition periods to track the rapid evolution of boundary layer characteristics at those times. The lidars, in addition to tracking boundary layer evolution with scan patterns that provide turbulence profiles and aerosol boundary layer height, will focus on mountain venting during the morning transition period. Other ground-based instrument systems in Owens Valley can join EOPs to supplement the above set of observations. Because the TLS will be operated between 15 March and 14 April only, EOPs during this time will be of special value.

3 T-REX Mission Planning and Implementation

This chapter describes the mission planning and implementation process. The planning of a mission involves several steps. These include facility status report, weather forecasting, and proposals of new missions by T-REX investigators, leading to the daily planning meeting, during which mission plan is formulated and mission staffing decisions made. The implementation steps include alert sequence and the mission execution itself.
3.1 Key Mission Staff

3.1.1 Mission Scientific Team (MST)

1. Science Director (SD)

· T-REX Director for scientific mission decisions
· Co-chairs T-REX Daily Planning Meeting
· Leads daily mission planning discussion
· Decides (with consultation with Mission Planning Panel) the final deployment of all facilities
· Provides Science Progress Reports to Daily Planning Meeting
· Works with Operations Director (OD) and flight scientists to produce flight plans

· Makes go/no go decision for day’s mission

· Leads in-flight coordination during operations

· Prepares Daily Mission Summary Report

· Co-chairs special science meetings

2. Flight Scientist(s)

· Scientific director onboard aircraft (one on each aircraft)
· Point of contact for all flight planning and execution (for a given aircraft)
· Prepares daily aircraft operations support
· Participates in mission debriefing

3. Mission Planning Panel

· Composed of one or two T-REX PIs at BOC with a broad overview of T-REX objectives, the HIAPER flight scientist at Jeffco OC, and the BAe146 flight scientist at Fresno OC

· Advises SD as part of the mission planning process to facilitate achievement of T-REX science objectives as described in the Science Overview Document

· Membership will be rotated during the field campaign

· BOC members must be present in person at BOC and other two members at their respective OCs and attend all Daily Planning Meetings during their rotation

	FUNCTION
	PARTICIPANT

	Science Director (SD)
	Grubišić, Doyle

	HIAPER Flight Scientist
	Smith, Doyle, Cooper, Grubišić, Jiang

	KA Flight Scientist
	Grubišić, Armi, Smith, Doyle

	BAe146 Flight Scientist
	Vosper, Brown, Sheridan, Cotton, Kindred, McQuaid

	Mission Planning Panel Members
	Whiteman, Mobbs, Poulos, Banta, Calhoun, Kuettner, HIAPER Flight Scientists, BAe146 Flight Scientists 


Table 3 Staffing table of Mission Scientific Team members. As of February 20, 2006.  

3.1.2 Operations Coordination Team (OCT)

1. Operations Director (OD)

· Convenes and co-chairs T-REX Daily Planning Meeting

· Implements the daily T-REX Operations Plan

· Provides Status Report summary to Daily Planning Meeting

· Assigns duties to OCT personnel

· Responsible for form and content of Daily Operations Summary

· Coordinates aircraft flight debriefings

2. Aircraft Coordinator

· Single Point of Contact (POC) for all T-REX Aircraft Facility Project Mangers
· Coordinates ATC requirements–alerts, advanced notifications, etc. 
· Coordinates all communications between Operations Center and research aircraft–flight track changes, data products transmitted to/from aircraft
· Works with SD, OD and flight scientists to update flight tracks as needed

3. Surface Observing System Coordinator

· Point of contact for all surface based observing 

· Coordinates all communications between BOC and surface observing systems

· Monitors status of all surface observing systems and expendables

· Works with SD and OD to coordinate aircraft overflights of surface observing systems

4. Bishop Site Coordinator

· Acts as point of contact/project liaison with all operation sites, local arrangements

· Coordinates public relations for T-REX activities in Bishop

5. Communications/Networking Coordinator

· Manages LAN and related computer support

· Assists participants with set up of computer systems on the T-REX LAN

· Responsible for computer and networking security

· Primary point of contact with local Internet Provider and Access Grid

6. In-Field Data Management/Catalog Coordinator

· Responsible for implementation and updating of the T-REX Field Data Catalog

· Assists participants with submitting preliminary data products to the catalog

· Monitors supplementary operational real-time data collection for T-REX

· Assures ingest and display of T-REX specific satellite data and products

7. Weather Forecaster/Nowcaster Coordinator

· Schedules daily operations support for forecasting and nowcasting including Pre-Flight Briefings

· Trains forecasters and nowcasters on T-REX requirements and procedures

· Establishes standard forecast content and products for T-REX Field Catalog

	FUNCTION
	PARTICIPANT

	Operations Director (OD)
	Dirks, Moore

	Aircraft Coordinator (AC)
	Moore, Dirks, Stossmeister, Williams, Loehrer

	Sfs Obs System Coordinator
	Banta, Poulos, Whiteman

	Bishop Site Coordinator
	Dirks, Moore

	Communications/Network Coordinator
	Bradford, Slaten, Vinson

	Catalog/Field DM Coordinator
	Loehrer, Stossmeister, Williams

	Forecast/Nowcast Coordinator
	Doyle, Czyzyk


Table 4 Staffing table of Operation Coordination Team members. As of February 20, 2006.
3.2 T-REX Daily Planning Process

3.2.1 Daily Planning Meeting


There will be a general meeting each day of the T-REX field program to discuss relevant issues, remaining resources and status, science objective status, current weather and synoptic situations and PI proposals.  The T-REX Daily Planning Meeting will be held at 1200 Pacific Local Time (PLT, 2000 UTC before April 2, 19 UTC thereafter) at the T-REX Bishop Operations Center (BOC, Figure 4), seven days per week throughout the field season beginning 27 February 2006 thru 30 April 2006.


The Daily Planning Meeting will be co-chaired by the T-REX Science Director and Operations Director.  The agenda for the meeting will be consistent each day and include the following items:

· Status of aircraft, mobile facilities and remote observing systems

· Data management and communications status report

· Forecast discussion from 24-36 hours, special products; outlook to 72 hours

· Report on the status of scientific objectives and results of the last mission and/or update on the status of an on-going mission

· Mission Selection, staff assignment, and schedule of operations

· Logistics or administrative matters

· Other announcements
[image: image3.png]T-REX Bishop Operations Center

Chair:

Main entrance WY

Tab

WHRS storage
Soreen
‘Access Grid/
Projector )
“Internet Café"
= Avallable seating
Printer
Ops

Side entrance

Systems 1DV displays




Figure 4 The layout of the T-REX Operations Center in Bishop, CA (BOC). 
3.2.2 Mission Selection Process

· Science proposals 

· Discussion of proposals

· Primary mission selection

· Staff assignments

· Schedule of operations

3.2.3 Mission Plan Preparation


When there is a plan for a mission beginning the next day, the Science Director and Operations Director will meet immediately following the Daily Planning Meeting (MPP Meeting) to finalize the Mission Plan for the next 12-36 hours.  This meeting may include other PIs or staff crucial to formulate the details of the Mission Plan. The following items will be decided during this meeting and reported in the Daily Operations Summary:

· Description of mission (primary and alternate), including a brief discussion of objectives and strategy and criteria for proceeding to the alternate mission

· Assignment of staffing for mission support for the next 24-36 hours

· Preliminary Aircraft Operations Domain 

· Aircraft pre-flight briefing times

· Proposed aircraft flight plans

· Aircraft take-off times

· Weather forecast/nowcast support

· Special observation schedules

· Debriefing schedule

3.2.4 Daily Operations Timeline


Figure 6 illustrates the planning–implementation sequence of IOP activities, emphasizing the scheduling of aircraft operations. Times are given relative to Pacific Local Time (PLT) as defined in Chapters 1 and 2. 

Every Day:

0800–1000 Forecasters supporting T-REX operations (Las Vegas NWS, NRL-     


 Monterey, and elsewhere) will evaluate various current weather and 


 forecast products with consultation by conference calls as appropriate.

1000–1100 Forecast preparation and submission to T-REX Field Catalog.

0800–1100 Status update of all T-REX facilities to T-REX Field Catalog.

1200–1300 T-REX Daily Planning Meeting (see previous details).

1300–1400 Mission selection and preparation of Mission Plan.

1400–1600 Notifications—facilities, Air Traffic Control Centers, Field Catalog 


 Operations Report.

Operational (IOP) Day: (Approximate times for daylight operations)
0500 
 Operational update—weather and facility status.
0530 
 Go/No Go/Delay decision

0600–0600 IOP operations for soundings and other enhanced ground-based 



 operations.

0530–0900 Pre-flight briefings (1.5 hr before takeoff).

0700–2000 Flight operations–vary by aircraft but limited to daytime.

1600–2100 Debriefings (1 hr after landing).


[image: image4.emf]
Figure 6 T-REX Daily Timeline of Operations.
3.3 Operations Implementation

3.3.1 Facility Notification Procedure


Once the facility operating schedules for missions are decided at the Daily Planning Meeting the responsibility for the conduct of operations shifts to the Operations Coordination Team (OCT) under the leadership of the Operations Director. Official notifications to Facility Managers are made by OCT staff. Notification of planned aircraft take-off times will be given by the Operations Director (or Aircraft Coordinator) to the Aircraft Facility Managers and Mission Scientists at least 12 hours in advance.  The Aircraft Coordinator will provide advanced notification to the appropriate Federal Aviation Administration (FAA) Air Traffic Control (ATC) Centers (Los Angeles, Oakland) and Military Operations Centers.  Notification of operations schedules for the lidars and soundings will be made by the Operations Director (or Ground-based Facility Coordinator).  The Operations Director prepares the Daily Operations Summary.  This summary will be distributed to all participants via the T-REX Field Catalog.  

3.3.2 Aircraft Operations Coordination


Determination of aircraft flight schedules will follow aircraft operational guidelines (Table 10). The Aircraft Flight Scientists and Aircraft Coordinator will work with the aircraft pilots in the preparation of detailed flight plans.  Aircraft pilots will submit flight plans following normal ATC procedures.  Individual pre-flight briefings will be given 2 hours prior to the scheduled take-off and will be prepared to meet individual aircraft facility requirements. Pre-flight briefings will be attended by the Science Director or Operations Director, aircraft coordinator, flight scientists, and pilots.  The pre-flight briefing package, prepared by the Operations Staff, will include hard-copy of latest satellite and radar imagery, surface weather observations, project sounding plots, and mesoscale model products. 


During flight operations coordinated observations will be conducted via continuous satellite chatroom communications between the Aircraft Coordinator or Science Director (at BOC) and the Mission Scientists onboard the aircraft.  Flight operations decisions will be made by the Science Director with input from the Operations Director, Nowcaster, Aircraft Coordinator and Aircraft Flight Scientists.

3.3.3 Debriefing and Reporting


At the completion of a day’s mission, post-flight debriefings will be held for each aircraft mission.  The debriefings will be conducted by the Operations Director (or Aircraft Coordinator, or Flight Scientist) at the aircraft operations base as soon as possible after landing so that all onboard scientists and selected crewmembers can participate.  Key issues are the perceived success of the mission, and the status of the facility (and crew) for the next day’s operations.  The Operations Director (or Aircraft Coordinator) may also announce the alert and schedule for the next day’s operations. Pre-flight briefings and debriefings for the King Air will take place in the BOC Meeting Area (the NWS building at the Airport?).  Pre-flight briefings and debriefings for HIAPER will be led by the Aircraft Coordinator at JeffCo and pre-flight briefings and debriefings for the BAe-146 will be led by the BAe146 Flight Scientist.  The Science Director and/or Operations Director will participate in the HIAPER and BAe-146 pre-flight briefings and debriefings via teleconference.  Each Aircraft Flight Scientist or Ground System Manager is expected to provide a Facility Operations Report (or Flight Report) of their operations, within 24 hours to the T-REX Field Catalog.
3.3.4 Surface System Operations Coordination

Lidar Operations Coordination



Scheduled scan coordination operations, continuous operations



Overflight and intercomparison plans


Sounding Operations Coordination



Scheduled measurement operations



Expendable and Helium supply, staff schedule restrictions

Satellite Operations Coordination



Rapid –scan guidelines, schedules, notification procedure



Satellite overpass schedules and locations, interception plans


3.4 Forecasting and Nowcasting


Forecasting and nowcasting support is required for planning and conduct of T-REX operations and aircraft missions. 

3.4.1 Forecasting


The T-REX forecasting support will be provided by the NWS Las Vegas Office in conjunction with T-REX PIs use of forecasting products from a number of special mesoscale models that will be executed in real-time to support decision-making process for T-REX ground-based operations and aircraft missions. Special T-REX real-time forecasting activities are described in Chapter 4. Basic forecasting criteria for waves and rotors and quiescent conditions in Owens Valley are described below. 


Although the synoptic-scale signatures for the onset of mountain waves in the atmosphere have yet to be systematically explored, there are a number of contributing factors that are fairly well established.  Favorable conditions for mountain waves are thought to consist of a relatively strong cross-mountain winds at crest level of approximately 10 m s-1 or greater and with the existence of a stable layer or inversion near mountaintop.  The conditions associated with relatively strong westerlies across the Sierra Nevada Rinclude synoptic scenarios with troughs, cyclones, frontal systems, and zonal jet streams.  If the Scorer Parameter (to a first approximation ~N/U) decreases rapidly with height, trapped waves may develop and conditions may favor the development of rotors based on modeling studies and previous research campaigns such as the Sierra Rotors Project.  Even with the existence of trapped waves and horizontal energy propagation, some wave energy can leak through the wave duct and vertically propagate to higher altitudes, which may be crucial for predicting conditions that favor wave breaking.  Research model simulations have indicated that wave breaking appears to be enhanced in regions of reverse wind shear above the jet stream.

The EOPs are expected to be characterized by relatively quiescent flow with weak crest level winds of 6 m s-1 or less and mostly clear sky conditions.  High thin clouds of any fractional coverage or low or middle clouds with up to 2/10 cloud coverage, however, would be acceptable during an EOP.  The intent of the EOPs is such that they should not interfere with the IOP operations, which have the primary objective of observing mountain waves and rotors.  Therefore, the medium range forecasts (day 3 and beyond) will be needed to assess whether mountain wave and rotor conditions will be likely in the 48-h period following the end of an EOP, which could potential impact crew duty and staffing issues.  

3.4.2 Nowcasting


Nowcasting will be an important component of T-REX flight operations support.  Evolving atmospheric conditions (observed and forecast) that might impact aircraft flight operations include rotor features, upper-level waves, clouds, turbulence, winds, and precipitation.  Short-term forecasting and nowcasting support for T-REX operations will be provided by T-REX PIs and students.  The T-REX short-term forecasts and nowcasts will be provided only during IOP and EOP periods.  We define "short-term forecasting" as the generation of 1-12 hr guidance based on observations, model output and forecaster intuition.  In contrast, "nowcasting" is defined as the assessment and very short-range (0-1 hour) extrapolation of mesoscale weather conditions, primarily based on real-time observations and possibly experimental forecast model output.  


Primary products used for nowcasting will include satellite imagery loops, project soundings, real-time lidar images, synthesis of observations received from aircraft mission scientists, PIREPS, terminal forecasts, and possibly short-range experimental mesoscale model forecast products.  During IOPs, real-time products will be routinely displayed in the Operations Center and will be collected in the T-REX Field Catalog at regular intervals.  Cataloged products are shown in Table __.  The IDV system will provide a continuously updated-three dimensional display of aircraft flight tracks, selected flight-level data, and recent soundings overlain on a background of recent satellite imagery and model products.


The Nowcaster will keep the Operations Director and Aircraft Coordinator informed of evolving weather conditions that might impact aircraft operations and will prepare weather updates and products for transmission to the aircraft mission scientists. Experience in other field programs has made it clear that comprehensive notes and summaries of the evolving weather during operations can be of great value for research efforts following the period of the experiment.  The nowcasters will be expected to electronically enter notes during the period of flight operations, as well as provide a cohesive daily summary.  These descriptions become part of the overall project documentation in the T-REX Field Catalog.  The catalog provides forms that are easily used by the nowcaster for compiling notes and including graphics (e.g. model snapshots, data, images, etc.) that are helpful in describing the weather situation.


T-REX scientists and students are expected to fill out the weekly duty rotation to insure that nowcasting services are provided continuously through the T-REX operations schedule.  The weather forecaster/nowcaster coordinator will assure the completeness of the staffing schedule and staff training. Forecasting staff at the Las Vegas NWS Office and at NRL will contribute to short-term forecast support as time permits.

4 T-REX Real-Time Numerical Forecasting


In the past several years, the development of high-resolution non-hydrostatic models has advanced considerably, which has been possible in part because of the continuous march forward in the speed of high performance computers.  The fidelity and skill of these high-resolution models have been tested in challenging environments, such as over complex terrain, with notable successes attained in conjunction with recent field programs such as MAP, COAST, COMPARE, and SRP.  The forecasting activities in support of T-REX will exploit this new generation of non-hydrostatic models in order provide accurate guidance of the atmospheric conditions in the vicinity of the steep Sierra Nevada range, which represents a formidable challenge.

4.1 T-REX Numerical Weather Prediction Models


A number of special mesoscale models will be executed in real-time to support the decision-making processes for T-REX ground-based and research aircraft operations.  These models should be distinguished from the conventional operational model suites available from the NCEP, UK, ECMWF, and DoD centers.  The nonhydrostatic models include COAMPS, MM5, WRF-ARW, and WRF-NMM, which will be run in a variety of configurations with horizontal resolutions down to 3 km or less.  Some of the non-hydrostatic models will use data assimilation cycles and others will be initialized as a cold start from operational global or region-scale models.  In general, these mesoscale forecasts will be available for a 48-h forecast duration.  It is a possibility that the diversity among the models with respect to physical process formulation, initialization, and lateral boundary conditions, will provide useful qualitative (and some quantitative) information about the uncertainty of the mountain wave and rotor forecasts.  For this reason, we encourage as many of the models as possible to share a common grid mesh configuration and domain extent, horizontal resolution, vertical resolution, and forecast length.  Because of resource constraints a complete set of ensemble statistics (e.g., variances, spread, and other measures of ensemble skill) likely will not be possible in real time; however, coordination of the models and domains will enable collaborative ensemble research to be performed following the SOP.  From previous experience with other mesoscale ensemble programs such as SAMEX, we anticipate that an ensemble of approximately 10 (or more) members may be required to begin to quantitatively assess mountain-wave predictability issues.  

The WRF-DTC at both NCAR and NOAA-GSD will perform high-resolution WRF-ARW and WRF-NMM simulations over the T-REX domain of interest, with the results becoming available within approximately one day following an IOP or EOP.  By running in a post-IOP mode, the WRF-DTC will be able to perform systematic tests of the sensitivity of mountain wave and rotor forecasts to issues such as upper boundary condition formulation, model physics, and aspects of numerical techniques used within the NMM and ARW dynamical cores.  

4.1.1 Medium-Range Forecasts


Forecasts of potential mountain wave and rotor events that extend to medium range duration (3-10 day) will be necessary to efficiently manage the T-REX operational assets, provide longer lead times to establish operational plans and strategies, and to plan for the periodic down operational days.  Along these lines, DLR will provide the ECMWF IFS forecasts for a forecast duration of 10 days along with the medium-range ensemble forecasts.  It is anticipated that a number of additional diagnostics (CAT indices, divergence, etc.) will be computed based on the ECMWF-IFS output.  Two mesoscale models will also be used for forecasts into the medium range realm.  The WRF-NMM will be run by the WFO at Las Vegas with a resolution of 12 km and a forecast duration of 48 h.  The WRF-NMM run by NOAA-GSD, with a horizontal resolution of 3 km, will be applied in a downscaling mode using the GFS 60-84 h forecasts to provide guidance in the vicinity of the Sierra Nevada at medium range forecast lengths.  These extended mesoscale forecasts may be especially useful for planning for EOPs in order to gauge the likelihood of active mountain wave and rotor periods following quiescent flow regimes.  

4.1.2 Linear-Based or Diagnostic Models


Several linear-based or diagnostic models will provide short term forecasting and nowcasting guidance of mountain waves.  These models are generally simpler, and are computationally more efficient than the full non-hydrostatic mesoscale models, and thus can be applied at higher horizontal resolutions ~1 km or less.  As a result, these models can resolve more details of the orography and may be able to provide more specific guidance regarding locations of intense regions of mountain wave activity, within the limiting assumptions of these models. 

4.2 T-REX Model Products


In order to provide the most useful guidance in support of T-REX operations, common products and diagnostics are desirable, although not required for participating models.  The recommendations for these products are summarized in Tables 6-8.  For the regional-scale mesoscale models (x>5 km), products generated at 3-hourly intervals should be sufficient to provide large-scale guidance.  The regional products fall into four categories:  i) constant height level, ii) constant pressure level, iii) terrain-following and surface products, and iv) vertical cross-sections.  The recommendation for local scale mesoscale models (x≤5 km) is to provide products at a frequency of 1 hour or less.  There are four categories of products for the local-scale models:  i) constant height level, ii) terrain following and surface products, iii) vertical cross-sections, and iv) one-dimensional profiles and time series.  Vertical cross sections and profiles with top levels at 5 km will support the ground-based and low-level aircraft measurements, while the cross sections and profiles with a top to 15 km can be used for aircraft mission planning for both the HIAPER and BAe146.  The vertical sections should be oriented along the aircraft flight tracks, as summarized in Table 9.


Sample products for several of the models are shown in Figs. 7-9.  The largest-scale products will be for the relatively coarse resolution medium range model, ECMWF IFS (Fig. 7).  An example of a 500-mb wind speed and geopotential height forecast that a regional model may produce is shown in Fig. 8.  On the smaller-scales, the local models will provide more specific guidance for the T-REX operations.  For example, in Fig. 9 the vertical velocity at 6 km could be used for mid- and upper-level aircraft operation planning, while low-level vertical sections and time series could be used for ground based operations and the King Air mission planning.

4.3 T-REX Forecasting Coordination

Given the relatively large number of real-time model products that should be available for T-REX, some coordination among the modelers and forecasters is needed.  Most of the products from the T-REX models will be available on the world wide web, although several of the models will be directly available through the NWS AWIPS system and for the most part will not be available on the web.  There is a need for all of the models to provide a standard (and more limited) set of graphical information to the T-REX web catalog to disseminate the forecasts for use during the daily forecast discussion as well as to the T-REX scientists.  It is also anticipated that some common graphics could be generated among various models and displayed on a common web page to facilitate easy comparisons in real time.  Limited data sets from the real time models will be made available to be ingested into the IDV software for nowcasting use.
	Model
	Agency
	Resolution
	Frequency and

Duration
	Initialization
	Products

	ECMWF IFS

	ECMWF 

via DLR
	T799 (25km) 

91 levels
	1/day

10 day
	Data Assim.
	Web

	COAMPS 


	NRL
	27/9/3 km
40 levels
	2/day

48 h
	Data Assim.

NOGAPS LBCs
	Web

	WRF-ARW


	ARL
	27/9/3 km
	1/day

48 h (tbd)
	GFS cold start
	Web

	WRF-NMM


	NWS-Las Vegas
	12 km / 4 km
	2/day

84 h (12 km)

48 h (4 km)
	NAM cold start
	AWIPS

	WRF-NMM
And ARW 
	NCEP
	5.1/5.8 km
	1/day (06Z)


	Data Assim.

GFS LBCs
	AWIPS

	MM5


	AFWA

AFRL
	45/15/5 km
	2/day

48 h
	GFS LBCs
	Web

	WRF-ARW and NMM
	WRF-DTC
	13 km

3-4 km
	On Demand

Non-Real Time
	NAM cold start
	Web

	WRF-ARW


	NOAA-GSD
	3 km and 1 km
	2/day

12 h
	3-h Cycles LAPS
	Web

	WRF-ARW


	NOAA-GSD
	3 km
	1/day

72-120h
	Downscaled GFS
	Web

	Linear Models

Simple Indices
	NRL, UKMO, German Researchers
	1-2 km
	2/day or more

36-48h
	Models or Soundings
	Web


Table 5 Summary of mesoscale and special models in support of T-REX operations.
Table 6 Suggested suite of T-REX mesoscale numerical model products to be provided at a 3-hourly frequency based on regional scale model resolutions (Dx>5 km).

Constant Height Level Plots

Levels (AMSL):  4, 6, 8, 10, 12, 14 km

1.  Winds and Vectors

2.  Vertical Velocity

3.  Potential Temperature

4.  Relative Humidity

5.  Turbulence (Diagnostic or Predictive – TKE)

At 5 km – show wind speed/vectors and cross section location

Constant Pressure Level Plots

Levels:  850-mb, 700-mb, 500-mb, 250-mb, 200-mb

1.  Wind Speed, Vectors, Geo. Height

2.  Potential Temperature

3.  Relative Humidity

Terrain Following Plots

Levels:  10 m, and ~500 m (sigma)

1.  Winds

2.  Temperature or Potential Temperature

3.  Relative Humidity

Surface Plots
1.  Sea Level Pressure

2.  Rainfall

Vertical Cross Sections
Top Level 15 km

Distance Scale (Approximately 200-300km)

Three Locations (Cross Sections A, B, C along Aircraft Fixed Tracks) (See Table 5)
1. Total Wind Speed (color) and potential temperature

2. Vertical Velocity

3. Turbulence (TKE)

Table 7  Suggested suite of T-REX mesoscale numerical model products to be provided at a hourly frequency  based on local scale model resolutions (Dx≤5 km).

Constant Height Level Plots

Levels (AMSL):  2, 4, 6, 8, 10, 12, 14 km

1.  Winds

2.  Vertical Velocity

3.  Temperature or Potential Temperature

4.  Relative Humidity

5.  Turbulence (Diagnostic or Predictive – TKE)

At 5 km – show wind speed/vectors and cross section locations

Terrain Following Plots

Levels:  lowest model level (~10m), ~100, ~200, ~500 m

1.  Winds

2.  Temperature or Potential Temperature

3.  Relative Humidity

4.  Turbulence (Diagnostic or Predictive – TKE)

Surface Plots
1.  Sea Level Pressure

2.  Rainfall

Vertical Cross Sections
Top Level 4 km

Distance Scale (Approx. 50 km)

Three Locations (Cross Sections A, B, C along Aircraft Fixed Tracks)
1. Total Wind Speed (color) and potential temperature

2. W 

3. Turbulence

Top Level 8 km

Distance Scale (Approx. 50 km)

Three Locations (Cross Sections A, B, C along Aircraft Fixed Tracks)
1. Total Wind Speed (color) and potential temperature

2. W 

3. Turbulence

Top Level 15 km

Distance Scale (Approx. 50 km)

Three Locations (Cross Sections A, B, C along Aircraft Fixed Tracks)
1. Total Wind Speed (color) and potential temperature

2. W 

3. Turbulence

Table 8 Suggested suite of T-REX mesoscale numerical model products in profile (Time-height) format to be provided at a hourly frequency based on local scale model resolutions (Dx≤5 km).

SkewT/LogP (3 Hourly Frequency)
Fresno, CA

Lemoore, CA

Independence, CA

Vandenberg, CA

Oakland, CA

Bishop, CA

Time Series (Hourly Frequency) (Top at 15 km)

Fresno, CA

Bishop, CA

Independence, CA

Lemoore, CA

1.  Horizontal Winds (Direction/Speed) /potential temperature 
2.  Scorer parameter 

3.  Turbulence 

Time Series (Hourly Frequency) (Top at 5 km)

Independence, CA

1.  Winds/potential temperature 

2.  Turbulence 

	Track

(Nominal Wind)
	West End
	East End
	Heading

(Mag)
	Length

(nm)

	A

(275T)
	37:00

-120:11
	36:42

-117:07
	80-260
	150

	B

(245T)
	36:12

-119:54
	37:12

-117:04
	50-230
	150

	C

(215T)
	35:25

-119:32
	37:23

-117:37
	20-200
	150


Table 9 The three vertical sections oriented along the cross-mountain flight track options for the HIAPER.  


[image: image5]
Figure 7 Prototypical domain size for a plan view product, 156-h forecasted sea level pressure, from the ECMWF IFS (courtesy of DLR).


[image: image6]
Figure 8 Protypical regional scale model product, 500 hPa heights and winds (color) from COAMPS (resolution of 9 km).

[image: image7]

[image: image8]
Figure 9 Protypical local scale model products for COAMPS showing a) vertical velocity, wind vectors at 6 km and 2500-m terrain contour, b) time-height series of wind speed, wind barbs and potential temperature at Inpendence, CA, and c) vertical cross section oriented normal to the Sierra Crest of the cross-mountain wind component and potential temperature.
5 Ground-Based Operations


This chapter provides additional information on the T-REX ground-based instrument systems listed in Table 2 including deployment locations, system characteristics, and scanning strategies. 

5.1 Doppler Lidars

5.1.1 ASU Doppler Lidar

Summary of Goals  

A.  Formation, structure of rotors, especially transient behavior

B.  Role of boundary-layer in rotor development, energy input from ground

C.  Support boundary-layer studies, EOPs, dissipation estimation

D.  Acquire data for data assimilation into 4DVAR, dual Doppler, and subrotors

Site Selection 

1.  Site visit by Calhoun Dec 12-14.  Investigated sites for ASU, DRL, and CIRES.

2.  Location of ASU lidar –primary site by pump station 063 on northside of Mazourka Canyon Rd., secondary site, on south side about ½ km west on Maz. Can. Rd. Key features of site:  3 km from DLR lidar, less that 4 km from TLS, 1-2 km from central tower, 1-2 km from radar profiler, easily deployable (near road and flat site), near power possibilities.

3.  Location of DRL lidar – approved by BLM, 500 meters southwest of site I visited for them.  Likely a good site, but lines of sight not fully explored.

4.  Location of ASU sodar/RASS – co-located with NCARS radar profiler at dump site

5.  Location of ASU flux tower – co-located with ASU lidar if approved.

Equipment Performance and Programming

1.  Doppler lidar -- assembled and tested at ASU, ongoing, want to improve transceiver performance, tuning at LM.  Electrical connections improved. Trained personnel.

2.  Sodar/RASS – ran through local deployment, equipment functioning well with exception of powerline interference, training of personnel ongoing.

3.  Flux Tower – assembled and tested locally.  Question:  What modes of data acquisition are appropriate for IOPs and for EOPs?  In particular, we are anticipating 10 Hz for sonics.

Power

1.  Lidar - Waiting on Real estate permissions from LADWP, but Electrical quote received and design of power drop complete.  Note, need local electrician to install panel, pole, and ground, for Ron Bursell to connect line power.  230 VAC LLN+G, single phase, 50 amps peak demand.

2.  Flux tower – same, but with 5 amps peak demand.

3.  Sodar/RASS – single phase, 110-230 VAC power and draws 7.5 amps (peak). 

It uses a typical three prong plug (hot,neutral,ground). Brett has plugged it directly into a common wall socket with a 20 amp fuse and not had any problems. It should not require any special power adjustments from typical U.S. power.  To be operated off Bill Brown’s radar profiler power drop on dump road.

Personnel
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Tasklist for ASU personnel

PI’s:  Calhoun and Fernando  -- Overall design of ASU contribution to T-REX, supervise ASU deployments.

1.  Andreas Wieser 
Co-design and operate ASU coherent Doppler lidar with Calhoun, prepare, transport, assemble, operate, setup wireless connection. Supervisor during period when Calhoun or Fernando are not present.

2.  Charles Retallack  

Assist in Lidar and sodar/RASS preparation, packing, transport, and field setup.  Manage hardware and download data from sodar/RASS from 2/24 to 3/31.  Data storage and backup for sodar/RASS.   Possible towing of equipment trailer.  Some lidar scan design and lidar operation with either Wieser or Calhoun.  

Level of training:

Lidar:  

Download data, operational and building support 

Sodar/RASS: 
Can train others

3.  Adam Christman

Flux tower preparation, packing, transport, and field setup.  Manage flux tower data until 3/7.  Return to O.V. to manage flux equipment from 4/8 to 5/1.  Train A. Mattegunta to download data and manage flux tower.  Download data from sodar/RASS from 4/14 to 4/25.  Possible towing.

Level of training:

Sodar/RASS:  Download data 

Flux Tower: 
Can train others

4.  Dragan Zajic

Assist Christman with flux tower setup.  

Level of training:

Flux Tower:  
Building equipment 

5.  Brett Verhoef

Sodar/RASS preparation, packing, setup, and testing (2/24-3/4).  Possible towing.  Available at ASU for sodar/RASS phone support.  Possible towing to O.V.

Level of training:

Sodar/RASS: 
Can train others

6.  Anupama Mattegunta

Flux tower management and downloading of data from 3/1 to 3/28.  Some lidar scan design and lidar operation with either Wieser or Calhoun.

Level of training:

Lidar:  

Download data, operational and building support 

Flux Tower: 
Download data

ASU Proposed Lidar Scanning Strategies
A.  Co-planar RHI scans with DLR lidar team 

B.  Volumetric scans suitable for 4DVAR, coordinated with some method of obtaining temperature profiles, and DLR's lidar scans

C.  Scans over the central tower and others designed to compare with ground based instruments, possible virtual tower scans…

D.  Scanning for dissipation estimation as coordinated with Frehlich's TLS team (preferably 1.5 km from TLS).  

E.  Single-lidar, scans -- boundary layer development, separation, best chances of capturing rotor/subrotor activity. 

F.  Vortex tracking scans (?)
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Figure X Planned sectors for 4DVAR scanning. The regions intended as targets are between the two black lines pointing north, and then separately, and alternatively, a similar sector pointing southward.

5.1.2 DLR Doppler Lidar

Instrument 

WindTracer rented from Coherent Technologies Inc. (CTI)

Measured Parameter 

Line-of-sigh velocity, backscatter intensity

Deployment 

14 March – 13 April 2006

Location 

36.79275ºN, 118.20946ºW

Data Availability 

Quicklooks will be available in near-realtime, further data is available upon request

Staff 

Andreas Dörnbrack (PI): 13 March – 07 April 2006, andreas.doernbrack@dlr.de 

Martin Weissmann: 13 March – 13 April 2006, martin.weissmann@dlr.de 

Stephan Rahm: tbd

Student: tbd

The lidar will operate (nearly) continuously throughout the deployment time. Different scan patters will be defined in cooperation with the ASU lidar group in the first days of the deployment. 

DLR Proposed Lidar Scanning Strategies

A. Rotor/Wave Automatic Mode, repeated every 30 min (for weak/unlikely rotor/wave events, nigh-time operations, etc)

Scan 1: Vertical Cross Section

RHI, el=0-180°

Duration: ~3.5 min

Scan 2: Volume scan for 4DVAR assimilation

PPIs at el=5, 10, 15, 20, and 25°, az-steps=2° (~3.5 min each)

PPIs at el= 30 and 35° (2.25 min each)

PPIs at el=40, 45, and 60 (1.5 min each)

Duration: ~26.5 min

(wind profiles can also be calculated from these PPI’s and make VADs redundant)

B. Rotor/Wave Flexible Mode (every 60 min)

Scan 1: Vertical Cross Section (3.5 min, see above)

Scan 2: Volume scan for 4DVAR assimilation (26.5 min, see above)

Scan 3: Vertical Cross Section (3.5 min, see above)

Scan 4: One of the following modules (each 26 min)

Module 1: Rapid cross-section,7 RHIs, el=0-180°

Module 2: Virtual tower?

Module 3: 20 Intersecting RHIs (el=0-45°) for wind profiles in a cross section north (or south?) of the lidars

Module 4: “free time”

(e.g. small volume scan of interesting feature, that is visible in RHI: subrotors, reversed rotor, hydraulic jump/ wave breaking region))

5.2 Aersosol Lidars

5.2.1 REAL v1

Overview

REAL is a scanning elastic backscatter depolarization lidar that operates at 1.5 microns wavelength. The system is housed in a 20-foot long standard shipping container. The lidar resides in a small optics lab in one end of the seatainer.  The remaining area is used as an office area. The laser beam is invisible and eye-safe at all ranges according to ANSI standards outside of the seatainer. The lidar transmits 10 laser pulses per second and is capable of pointing the beam anywhere in the sky via a beam-steering unit. REAL will be used in T-REX to elucidate the structure of the atmosphere as revealed by optical scattering (aerosol scattering).   It typically takes about 20-40 seconds to make a scan.

Contact information

Stephan Dewekker:  Lead-PI for using REAL at T-REX………… cell: 303-217-1044 

Shane Mayor: Co-PI and REAL deployment project manager…...  cell: 720-938-1144

Truck, crane, spare parts: Rochell Torgler, NCAR EOL………….  Office: 303-497-8821

Generator service: Shane McGuire at United Rentals……………..              760-446-7628

Generator refueling: Kenny Lloyd at Eastern Sierra Oil Co……… 
cell:      760-382-1735

Location

Due to the possible difficulty of driving a truck to the preferred site for REAL (“Location 1” on the maps), a backup site was identified and is marked at “Location 2”.  At the time of this writing, we intend to install REAL at site 1, but site 2 remains a backup.  Maps are appended to the end of this document.

Setup

REAL and a spare seatainer for storage and extra shelter will be arriving by commercial tractor trailer on February 23. A crane will be used to remove the seatainers from the truck at the field site and install the beam-steering unit. Shane Mayor and Laura Tudor will be responsible for initial set up of the seatainers at the site. Scott Spuler will perform optical alignments before the experiment begins on March 1.

Teardown

REAL is scheduled to remain in the field for the full duration of the experiment.  Currently, a truck & crane are scheduled to pick it up on or about May 2-3.

Staffing

Due to limited staffing and other field committments, EOL agreed to deploy REAL at T-REX only if its operation didn’t impact other NSF deployments that are occurring simultaneously. With the help of ASP Postdocs Stephan Dewekker and Dan Kirshbaum, EOL found a way to make this deployment possible. The chart below shows the tentative staffing for REAL at T-REX. This is simply tentative and exact plans may change. We will strive to have at least one, preferably two, staff available for the operation of REAL for the entire field campaign.

Lodging

Several of the REAL staff are staying at the Wynnedumah Hotel in Independence just a few kilometers from the REAL site.  The hotel phone number is: 760-878-2040.
Safety

1. Two people recommended: Due to the remote location of the preferred site, EOL recommends that two people be present when operating REAL.  This is especially true if the operator is new or inexperienced with the system.  A second person present accomplishes several things.   First, in the unlikely event that one person is injured, a second person assures that the injured person will get quick attention.  A second person can also reduce the stress & fatigue that can occur with a single operator being responsible for monitoring and operating the system over long periods.  Stress and fatigue can increase the chances of many errors, which can lead to equipment damage, missing data, accident or injury.  A second set of eyes also helps the experiment by noticing interesting things in the data that the first person may miss due to operation of the system.  A red soft-case first aid kit is in the seatainer and a white first-aid kit is mounted to the wall just inside the door.

2. Laser eye-safety: REAL employs a Class 4 Nd:YAG laser in the optics lab inside the seatainer.  The high-energy beam from this laser is present on the optics table during system operation.  It is invisible and will burn most materials that come in contact with it.   Stray reflections of this beam may cause permanent ocular damage including blindness.  Shrouding must be kept in place around the laser optics table.   If the shrouding is removed everyone in the seatainer must wear laser safety glasses or goggles rated for an OD of 5 or greater for 1064 nm radiation.  Even with the shrouding in place, anyone entering the optics room must wear laser safety glasses or goggles.  A caddy will be installed inside the office area of the seatainer to store laser safety glasses.   Only qualified personnel from NCAR may work on the laser.
3. High-pressure methane and argon:  The REAL seatainer contains two bottles of gas under high pressure: methane and argon.  Argon is inert, but methane is flammable.  Both gases are odorless and transparent.  Both gases are mixed inside the black wavelength converting Raman cell on top of the optics table.  A methane gas sensor will be installed and must be running at all times in the optics laboratory.  The alarm will sound if it senses methane at levels greater than 20% of the lower explosive level.   The cylinders must be secure at all time.
4. Rooftop fall hazard:  Only authorized personnel are permitted on top of the seatainer.   A braided steel cable has been installed on the rooftop and personnel working on the roof must wear a body harness and clip it to the cable.  Extra caution should be taken when working around the beam-steering unit.  The BSU is capable is sudden rapid and powerful motions that can knock someone off the roof.
5. Fire: A CO2 type fire extinguisher is kept just inside the door of the seatainer.
System Maintenance

1. Generator refueling:  The diesel generator will require an oil change after every 240 hours (10 days) of operation.  Someone from United Rentals will be coming to the site to change the oil.  If it looks like this might occur near or during an IOP call Shane McGuire at United Rentals at 760-446-7628 in order to re-schedule (and save the cost of having the person drive up to Independence).
2. Flashlamp replacement:  The Nd:YAG laser inside REAL employs flashlamps that must be changed approximately every 20 millions shots.    At 10 shots/second, this is every 23 days of continuous operation.   A digital indicator on the front of the Continuum Surelite control panel keeps track of the number of laser pulses accumulated.
3. Hard disk replacement: REAL records raw data at a rate of approximately 2 GB per hour.  This assumes recording two channels (parallel and perpendicular polarization) at 50 MSPS each to 10 km range.   This data rate increases to approximately 3 GB per hour if one chooses to save data to 15 km range.   For T-REX we have chosen to store raw data on 600 GB Maxtor hard disks.   With the current formatting they are capable of 550 GB of data storage.  At 3 GB/hour is means disks will fill after about 183 hours (7.6 days) of continuous operation.  At 2 GB/hour, disks should be changed after 275 hours (11.4 days) of continuous operation.  Two disks are record raw data simultaneously to achieve a RAID 0 style of backup.  Four 600 GB disks have been purchased for the experiment.   If the second set is in use, two more should be ordered.  Contact Rochell Torgler at NCAR for this (rochell@ucar.edu, 303-497-8821.  Have them shipped directly to the field.)
4. Temperature, dust, and vibration:  The key to keeping REAL operating at peak performance is to keeping the optics laboratory environment clean, the inside temperature stable, and mechanical structure free from mechanical vibrations.   An air-cleaning unit blows HEPA filtered air into the transceiver to keep dust and bugs from settling on the optics.   (Dust can cause an optic to burn and result in a catastrophic loss of several optical components.)   The temperature of the optics lab is stabilized by running the power supplies continuously, and running both the air conditioner and heater simultaneously.  The temperature of the optics lab is recorded by a hygrothermograph located in that area.  Vibration is typically not a problem, but it can be if a bearing or motor in a wall air conditioner unit develops a problem.  Also, proper electrical grounding can be important.  A copper ground rod is typically driven several feet into the earth near the personnel door of the seatainer and connected to the frame of the seatainer.
Unattended Operation

REAL v1 is not designed for unattended operation. While there are no specific reasons why it can’t operate for many days unattended, it lacks self-health diagnostics and the ability to report problems if they occur.  Therefore, an operator should be present in order to keep an eye on things.  Examples of items that should be monitored: 

a. Data quality.  Poor data quality may indicate

i. Reduction in transmitter (laser) power

ii. Failure of receiver photodetectors or electronics

iii. Mis-alignment of the transmit beam and receive field-of-view

b. Data recording turned on and presence of data files on the disks

c. Stable air temperature in the optics lab

d. Operation of the beam-steering unit

Data

REAL produces two forms of data in the field:

1. Raw data files are in “BSCAN” format:   This is a binary, constant record-length format.    Each record contains a 30-word header and two backscatter profiles (parallel and perpendicular polarization).   All words for header and profiles are real*4.  The bscan data can be replayed later to recreate the scan images or processed for custom applications.  For more on the BSCAN file format, go to: http://www.atd.ucar.edu/homes/shane/bscan/index.html

2. Quick-look png images: Real-time screen-dumps of the scans are saved in the png file format.     A series of png files can be linked together to form animations.

Programs

1. Raw data files are created by REAL’s data acquisition software, which runs under labview on the data acquisition computer. This custom code was written by Bruce Morley of NCAR EOL. The Labview code also broadcasts the background-subtracted, range-corrected, beams at 10 Hz to a network within the seatainer.  

2. Quick-look png images are created by a scan-display program written by Charlie Martin of NCAR EOL. This code listens to the network broadcast from the data acquisition software and creates images of the data on the screen in 

3. A labview program exists to replay the raw data in post-analysis.  This program allows one to high-pass median filter the data or apply slope corrections. The program broadcasts the corrected data for the scan-display program to display.

Data Communications

REAL will be connected to the internet via an RF link.  We plan to upload the quick-look png images to the NCAR server in real-time so that they can be replayed using a web-browser.  This real-time automatic upload service is a new capability for REAL and presently under development. A website will be announced as soon as it is available.

Scan Strategies

Operators should be capable of modifying scan as needed by the PIs and science team.  REAL will probably be most useful collecting RHI scans during the IOPs.  REAL has the ability to make a “vertical slice” of the atmosphere along any azimuthal direction.  This includes the ability to scan, for example, from east to west directly over top the seatainer.  It is also possible to make PPI scans at any elevation angle to reveal the organization of turbulence or flow on quasi-planar surfaces or conic sections.

More Information and Citations

More information on REAL can be found at: www.lidar.ucar.edu
The REAL team greatly appreciates users including both of the following citations when using the data in publications and presentations:

Spuler, S. M. and S. D. Mayor, 2005: Scanning Eye-safe Elastic Backscatter Lidar at 1.54 microns, J. Atmos. Ocean. Technol., 22, 696-703.

Mayor, S. D. and S. M. Spuler, 2004: Raman-shifted Eye-safe Aerosol Lidar, Appl. Optics, 43, 3915-3924.
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5.2.2 NRL Aerosol Lidar

Background

From approximately 14 March to 30 April 2006, the Aerosol and Lidar Section (Code 7228) at the Naval Research Laboratory plans to operate an eye-safe lidar (see photo), near Independence, CA (see map). The lidar will provide data on aerosol structures, winds, and cloud heights. Lidar will be operated by William Hooper, Glen Frick and Pat Michael. The lidar is located in a shipping container that is placed on a flatbed trailer and has a generator to power the system.
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2. Procedures. The lidar is a scanning system that maps aerosol structures and analyzes
statistically the movement of the structures to determine winds and turbulence. The system
normally runs automatically by a computer. One operator will be present all time when the
system is operating. During normal operational periods, wind profiles and a series of images of
the aerosol structures will be produced three times an hour. The operator has real- and near-real
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Procedures 

The lidar is a scanning system that maps aerosol structures and analyzes statistically the movement of the structures to determine winds and turbulence. The system normally runs automatically by a computer. One operator will be present all time when the system is operating. During normal operational periods, wind profiles and a series of images of the aerosol structures will be produced three times an hour. The operator has real- and near-real time access to the data on winds and cloud heights; however, we currently have no way to automatically transfer that data from the lidar computers to other off-site facilities.

Schedule 

The lidar will be operated in two schedule modes: normal and intensive. During normal operations, the lidar will operated for 8 hours a day and operations will mainly be made during daylight hours. During intensive periods, the operating hours will be extended to 16 hours a day. Operational hours can be adjusted to fit the schedule of other TREX researchers.

Safety

The lidar operates at a near-infrared wavelength (1.56 microns). The transmitted beam (outside the shelter) is safe and has been tested and certified by the Navy’s Laser Safety Review Board. However, some of the laser beams used within the shelter are not eye-safe. These beams are normally enclosed within mental covers. When the covers are in-place, the shelter can be safely entered without special goggles.

When the covers are removed, access to the shelter is limited to personnel with special safe goggles and a red light outside the door is turned on. When the light is on, the door has a safety interlock and opening the door shut downs are laser making the shelter safe to enter. The generator is outside the shelter and can also be turned off to render the shelter safe.

When the system is operating, a scanning system extends above the shelter roof line. When the scanning system is above the roof line, personnel are not allowed on the roof since the scanning system can move quickly and hit anyone on the roof.

When the system is not operating, the scanning system is retracted below the roof line and is covered by a roof hatch. During non-operating periods, no hazards exist on the roof.

Contact Information

William Hooper, (in DC) 202-767-3317, email: william.hooper@nrl.navy.mil

Glen Frick (in DC) 202-767-3589, email Frick@nrl.navy.mil

During T-REX, contact by cell phone: 443-223-0796.

5.3 Doppler and Aerosol Lidar Scanning Strategies


Many ground-based remote sensors, such as radar wind profilers and sodars, will be operating 24/7.  Other instrumentation, notably scanning instrumentation such as the scanning Doppler and aerosol backscatter lidars, require decisions about scanning strategies and procedures to be made.  Many of the scanning parameters will need to be adjusted and implemented in the field after the instruments have been installed in place and scans have been run to determine blockages, operating signal strength (signal-to-noise characteristics), typical resulting range obtained, etc., as well as flow characteristics encountered, such as depth of layers of interest.  It is of value to have a philosophy and a suggested procedure specified prior to deployment, to assure that core objectives of the program are addressed during the two-month project.  In the following sections the phenomena of interest for each main thrust of T-REX, rotor IOPs and non-rotor EOPs, are listed, since the data set must ultimately document these.  Scanning procedures designed to document these features and processes are then given.

5.3.1 IOPs

Phenomena of interest to be documented

· BL Separation – document existence, location of separation point

· Rotor structure, dimensions – Type I or II

· Waves, wave/rotor interaction

· Internal rotor structure, subrotors (strength, size, lifetimes)

· Along-barrier variability

· Temporal variability – diurnal, upstream conditions, all as f(t), natural frequencies

· Turbulence – e.g., location and magnitude via aircraft; vertical-slice scan/ variance analysis

Scanning

Routine Survey Sequence every 20 to 30 min 


Proposed:  (1) sequence of 3-5 full 360° scans in azimuth (conical scans) at elevation angles ranging from 0 or 1° up to scans that clear the topography in all directions (perhaps 30° elevation or so).  A typical sequence might be 1°-4°-10°-30°, selected based on range obtained, to provide coverage for velocity-azimuth-display (VAD) calculation of vertical profiles of the horizontal wind as well as showing inhomogeneities in the flow in the lower-elevation scans, followed by (2) sequence of 180° over-the-top elevation (vertical slice) scans at 30° (or 45°) intervals of azimuth around the compass, to routinely document vertical structure in all directions.  Survey Sequence should take 5 min or so, depending on number of scans selected and scanning speed.

Elective/Discretionary Scans


Between survey sequences, scanning can either be pre-selected or customized to further probe features found during the survey.  A default sequence that will document the phenomena of interest is recommended—here we suggest repeated vertical-slice scans at one or two azimuth angles roughly perpendicular to the main ridge line (cross barrier).  Possible scans during the discretionary period would include

· Default – repeated cross-barrier 180° vertical-slice scans.  

· Keep repeating Survey Sequence, or a similar sequence that includes more elevation angles

· Repeated vertical-slice sector scans (e.g., between 2° and 35° elevation) to track eddies or other features changing more rapidly than the default scan would be able to capture

· Scans to explore features noted in Survey Sequence

· Stacked conical sector scans

· Coordinated scanning between lidars, including overlapping scans (either el or az scans), overlapping volumes for dual Doppler analysis, or ‘virtual tower’ scan overlaps.

During periods of over-flights by the King Air and the airborne cloud radar, it is desirable to obtain complementary data from both lidar and radar systems—lidar up to cloud base and radar within cloud.  It currently seems that vertical-slice scanning, both along and across the valley, during the overpass would be the best use of the lidar, but a survey sequence should be run about 5 min before and 5 min after the overpass to document the vertical profile of the wind. 

5.3.2 EOPs or other non-rotor special observations

Phenomena of interest to be documented

· Morning transition – inversion breakup, effects on near-surface winds

· Evening transition

· Diurnal cycle – slope / along-valley flows progression

· Nocturnal valley LLJ vs. turbulence structure and magnitude (velocity-variance profiles from lidar, towers, profilers, sodars)

· Waves/entrainment at top of valley cold pool

· Mountain venting of boundary layer (daytime)

· Flow channeling along valley

· Daytime turbulence / eddies / thermals

Scanning

The proposed scanning philosophy is similar to that for the IOPs, with a Survey Sequence interspersed with discretionary scans.  The discretionary scans would emphasize more the along-valley flow development than the cross-valley, cross barrier emphasis for rotor IOPs.

The routine Survey Sequence should be repeated at least every 20 min, especially during morning and evening transition times.  

Elective/Discretionary Scans


As was the case for the rotor-IOP sequences, scanning can either be pre-selected or customized to further probe features found during the survey between survey sequences.  The recommended default sequence to document the phenomena of interest consists of repeated vertical-slice along-valley scans, but we note that it would be desirable to also obtain cross-valley vertical cross sections, especially during transitions.

· Default – repeated along-valley 180° vertical-slice scans, at two closely aligned azimuths.  

· Repeated vertical-slice or conical sector scans to track eddies or other features changing more rapidly than the default scan would be able to capture

· Scans to explore features noted in Survey Sequence

· Keep repeating Survey Sequence, or a similar sequence that includes more elevation angles

· Stacked conical sector scans

· Coordinated scanning between lidars, including overlapping scans (either el or az scans), overlapping volumes for dual Doppler analysis, volumes for 4DVAR analysis, or ‘virtual tower’ scan overlaps.

· Intercomparison or ‘virtual tower’ scans between Doppler lidars and TLS, or profilers and sodars

Non-IOP, non-EOP periods can be used for intercomparison and other coordinated scanning

· Intercomparisons between Doppler and aerosol-backscatter lidars

· Coordinated TLS-Doppler lidar studies, e.g., testing TKE-dissipation-profile algorithms

During part of the period when TLS is onsite (15 March-14 April) the lidars could be operated in unattended mode. This mode would also be preferable for the last weeks of the project, after several rotor case studies had been documented.  

5.3.3 Aerosol Lidars


The aerosol lidars to be deployed during TREX are experimental systems and relatively recent additions to their respective laboratories, and do not have well established procedures for data acquisition.  Apparently the scan programming is not as easy to change as for the Doppler systems, so it is planned to run long repetitions of azimuth scans or elevations scans, which would coordinate with the Doppler instruments.  These lidars regularly see inhomogeneities in the backscatter fields, and it is of interest to investigate the extent to which the inhomogeneities have time continuity.  From the coordinated scans it is proposed to see whether the backscatter inhomogeneities can also be seen in the Doppler lidar backscatter data, and whether they correspond to similar features in the Doppler velocity field.

5.4 NCAR Integrated Sounding Systems (ISS)

There will be three ISS facilities in Owens Valley for T-REX. The main site is the MAPR site is in a gravel pit on the south side of Dump Road, just east of the Independence landfill (about 1.5 miles southeast of Independence). There will also be an ISS ("ISS2") about 3.5 miles up Onion Valley Road, west of Independence. The last ISS is our mobile facility (MISS) based about 1 mile southeast of Manzanar. MISS will be occasionally operated at other sites around the valley. 
The ISS consist of a wind profiler, 10-meter surface met tower, solar radiation sensors, and in the case of the ISS/MAPR site, a RS-92 radiosonde system, a ceilometer, and a sodar. This sodar is from Ron Calhoun at Arizona State, whose staff will be operating it. The ISS sodar-RASS will be operating at Independence Airport. 

Procedures/Staffing/Schedules/Crew Duty Guidelines
ISS will operate 24/7, with occasional downtime on non-IOP/EOP days for maintenance. Staff will be in the valley almost every day monitoring and maintaining the systems, and launching radiosondes as requested by the Science Director and Operations Director. Normally there will be at least three ISS staff in the Independence/Bishop area throughout the project. They will be in the area for two- or three-week shifts will some overlap with the following crew. Except during IOPs, working hours generally will be daylight only, seven days a week. Staff will be based at the MAPR trailer at the Independence gravel pit, but may be offsite for site service visits or other activities. Staff will stay in Bishop, either at the Best Western Creekside Inn or Holiday Inn. Staff may take occasional days off on non-IOP days.  
Cell Phones

ISS Scientist: 303-319-5585  

ISS Engineer/POD: 303-579-1534 [primary ISS contact]  

IOP/EOP Operations

We require 24-hour notice of IOP/EOPs.   Typically we will support 24-hour IOP/EOPs, and occasional 48-hour IOPs with additional volunteer help.  The IOP/EOPs will be staffed in three shifts per 24-hours; each shift lasting 10 hours (includes travel time from Bishop and overlap with the previous/following crew).  Each shift will have one ISS member and a volunteer, and in general the two will travel together.   24-hour IOP/EOPs require 24-hour downtime (and 48-hour IOPs require 48-hours downtime) following the IOP/EOP; plus an absolute down-day every 7-10 days. 
There are 160 radiosondes (probably about 144 valid soundings given the 10% failure rate) to be released from the MAPR site. These radiosondes are for IOPs and EOPs only, will typically be launched at 3-6 hour intervals. Requests for soundings may only be made through the Science Director. 
Alerting Procedures

Staff will send a daily message to BOC (probably via e-mail) advising of ISS sensor status, noting any down systems and their impact. Timing of this message TBD.  
Safety 
ISS staff utilizes a "buddy" system in all operations, and will be generally working in pairs. First aid kits are available at the ISS trailers and in vehicles. Staff has been advised of the location of the hospitals in Bishop and Lone Pine. (www.nih.org, www.sihd.org)  

Coordination with Other Participants

As mentioned above, volunteers are being organized for the IOP/EOPs.  Occasionally we may request volunteers for other tasks, such as moving the MISS system.  
Data Access (both near real-time and post-project)

The ISS WWW site (linked from the JOSS T-REX WWW site)  http://www.atd.ucar.edu/rtf/projects/trex/iss has documentation, plots, and data in netCDF format. In general preliminary data will be available on the web site within one or two hours of collection. Additional QC processing will be carried out on the sounding data post-project. 

5.5 NCAR Integrated Surface Flux Facility (ISFF)

ISFF is a 24/7 operation.  Staff is onsite to ensure the maximum data recovery is obtained by monitoring, maintaining, and servicing sensors and data systems.

At least two ISFF staff (nominally a scientist and an engineer) will be available during the entire operations period, in 3-week shifts with some overlap.  Cell phones for these staff are:

ISFF Scientist: 303-319-5585 [primary ISFF contact]

ISFF Engineer: 303-579-7860

Working hours generally will be daylight only, seven days a week. Staff will be based at the ISFF trailer at the Independence Airport, but may be offsite for site service visits or other activities.  Staff will stay in Bishop, either at the Best Western Creekside or Holiday Inn.  Staff may take occasional days off on non-IOP days.

Alerting Procedures

Staff will send a daily message to the ops center (probably via e-mail) advising of ISFF sensor status, noting any down systems and their impact. Timing of this message TBD.

Safety

ISFF staff utilizes a "buddy" system in all operations. All staff is trained in proper tower climbing technique and procedures.  First aid kits are available at the ISFF base trailer and in vehicles. Staff has been advised of the location of the hospitals in Bishop and Lone Pine. (www.nih.org, www.sihd.org)

Coordination with other Participants

None needed.  Regular maintenance will be performed on non-IOP days.

Data Access (both near real-time and post-project)

The ISFF WWW site (linked from the JOSS T-REX WWW site):

http://www.atd.ucar.edu/rtf/projects/trex/isff/ has all ISFF project information, including site documentation (including maps), sensor documentation, and access to field logbook. The side-bar link "Data Tables/Plots" has plots updated on some regular schedule (2-8 hours–yet to be defined). The sidebar link "Data Access" provides access to data statistics (in netCDF or ASCII) and raw time series samples. (Raw time series access probably won't be active until post-project.) Note that all real-time data have not had any quality control applied.

5.6 Hot-Film Anemometers 

The three hot-film systems (embedded within three sonic anemometers and with supporting meteorological measurements) will be mounted at approximately 0.25, 1.0 and 2.5 m above the roughness elements on a 5 m triangular tower next to the Central ISFF tower (30 m), and will therefore require a ladder or tower-climbing to service. The system will operate Mar 1 – April 30, 2006 during compliant meteorological conditions, and will generate 2000 Hz u, v and w (including dissipation estimates), provided that our experimental calibration procedure and system set-up are adequate.

Procedures

Set-up The hot-film system will be shipped to the field on Feb 21, 2006 from Boulder. It will be unpacked and inventoried before set-up begins on Feb 23. Final tests will be completed on Feb 27 with a heavily monitored mock-operational day on Feb 28. 

Operations The hot-films are more fragile than most atmospheric instruments and will only be operated when mean winds are less than 10 m/s and non-precipitating. If non-compliant conditions are at risk of occurring:

a) the hot-film system will be shut down and data will be downloaded as appropriate, and,

b) the hot-film anemometers removed from their probe supports and placed in protective cover.

When suitable atmospheric conditions return:

a) the hot-film anemometers will be returned to their individual probe supports and leveling relative to gravity will be confirmed,

b) the hot-film system will be turned on, and,

c) data recording will be verified.

During extended periods of compliant weather conditions, data downloads will occur at routine intervals because of limited disk space – approximately every 3 days under 24/7 operation. These procedures will be repeated throughout the experimental period by a single person.

Tear-down The system will be dismantled immediately following the experiment and completion is anticipated by May 5, 2006.

Staffing and Schedule

Set-up: G. Poulos (Feb 22-28), S. Oncley, S. Semmer, K. Knudson (per ISFF schedule).

Operations: G. Poulos Mar 1 - Mar 10 (possibly to Mar 15) and April 15-30, J. Schmidli Mar 1-31, S. Semmer/T. Horst, (per ISFF schedule)

Tear-down: G. Poulos May 1-5 (per ISFF schedule with other ISFF staff).

Alerting Procedures

The hot-film status will be reported as part of standard ISFF activities to the Operations Center. See ISFF operations plan. The sub-project PI, Poulos, can be contacted directly by cell phone at 303-579-7302.

Safety

Standard climbing safety and travel/transportation procedures will be followed.

Coordination with other participants

During some relatively calm, clear nights coordinated scans of the Doppler lidar systems operated by ASU and DLR and REAL operated by NCAR in either attended or unattended mode will be made over the ISFF Central tower, where the hot-film system sub-tower is located. Scans will be RHIs to relatively low elevation angle, and would be oriented in azimuth such that the along-wind, toward hot-film tower, along-valley and cross-valley directions are sampled. Our system will operate when the CU CIRES TLS is operating.

Data Access in Real-Time

Real-time access is not anticipated at this time, although data system modifications underway may allow this. No real-time products are anticipated.

5.7 Soil Moisture and Temperature Sensors

Procedures 

The sensors have already been installed in Owens Valley (see locations and coordinates below).

Staffing 

Graduate students from UC Berkeley and Stanford, together with their advisors, will ensure that sensors are functioning and installed properly.

Schedules 

Sensors will be checked periodically to make sure data is being collected. After the experiment is over, data will be downloaded and the sensors will be removed and returned to NCAR.

Alerting Procedures

Any necessary communication will be done by email or cell phone.

Crew Duty Guidelines 

Anyone visiting the sensors to download data or to service other co-located instruments should take care not to step on the ground over or near the sensors as this could affect the measurements. The sensors are connected to a data logger mounted on a green metal fence post; the sensors themselves are below the surface, within about a 3 ft radius from the fence post.

Safety
Common sense safety is needed for reaching the higher elevation sites. It is recommended that visits to high elevation sites be completed during daylight hours, preferably finishing about an hour before sunset.

Coordination Measurements will be continuous at 5 minute intervals for the entire 2 month experiment. No coordination with other scientists will be necessary except for real-time downloading and then for distributing data.

Data Product Access 

Data from soil moisture/temperature sensors at the three ISFF towers will be available in real time. Data from the remaining 23 sites will be made available at the end of the experiment.

Contact Information

	Name
	Affiliation
	Cell phone
	Other phone
	Email



	Tina Katopodes Chow
	UC Berkeley
	650-804-4919
	510-643-4405 (W)

510-661-9970 (H)
	tinakc@berkeley.edu

	Bob Street
	Stanford
	NA
	650-723-4969 (W)

650-493-7598 (H)
	street@stanford.edu


	Greg Poulos
	NCAR
	303-579-7302
	303-497-2018 (W)
	gsp@ucar.edu


	Megan Daniels
	UC Berkeley 
	510 861-3321
	510 643-0018
	mdaniels@ce.berkeley.edu

	Rica Enriquez
	Stanford 
	516-410-4986
	650-723-1825
	ricae@stanford.edu

	Megan Bela
	Stanford 
	650-776-9496
	650-723-1825
	meganbela@gmail.com
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Figure X Overview map of 22 soil sensor sites, not including site S1 at Caltech OVRO, or the 3 ISFF towers (which bring the total to 26). Small blue dots show original locations but red stars show sites that were actually installed. Others were inaccessible due to snow. Some sites have multiple sensors installed at different soil depths.

Table 1. Updated Owens Valley soil moisture & temperature sites: BLM = Bureau of Land Management, BLM Wild = Bureau of Land Management Wilderness, USFS = US Forest Service, LADWP = Los Angeles Department of Water and Power, USFS Wild = USFS-managed wilderness area. All but 7 sites are co-located with existing or previously requested sites: N = new sites, LFS = Leeds University USFS sites, DRI = existing DRI AWS towers, SS,TS,TA = Inyo County Water Department permanent soil moisture sites, E,M,V = U. Utah Whiteman HOBO sites. * indicates sites where sensors are placed at more than one depth.

	Sensor
	Co-location name
	Landowner
	Elevation (ft)
	Latitude (degrees, minutes)
	Longitude (degrees, minutes)

	
	
	
	
	
	

	S1
	V08
	LADWP
	3971
	37
	13.886
	118
	17.821

	S2
	N2
	USFS
	6360
	36
	56.901
	118
	19.561

	S3
	TA3
	LADWP
	3835
	36
	57.576
	118
	13.843

	S4
	N10
	BLM
	5130
	36
	52.295
	118
	17.414

	S5
	TS3
	LADWP
	3834
	36
	53.219
	118
	14.191

	S6
	LFS5
	USFS
	7150
	36
	55.203
	118
	7.317

	S8*
	LFS3
	USFS
	6766
	36
	47.411
	118
	18.063

	S9
	DRI1
	USFS
	5697
	36
	46.098
	118
	16.566

	S10
	DRI2
	BLM
	4842
	36
	46.668
	118
	14.598

	S11*
	DRI3
	BLM
	4180
	36
	47.184
	118
	12.468

	S12
	DRI5
	LADWP
	3770
	36
	48.043
	118
	7.97

	S13
	E03
	BLM
	4267
	36
	49.373
	118
	5.971

	S14*
	E07
	BLM
	4870
	36
	50.655
	118
	5.108

	S15
	E12
	USFS Wild
	7003
	36
	51.663
	118
	3.57

	S16
	E13
	USFS Wild
	7460
	36
	51.825
	118
	3.192

	S17
	M13
	BLM
	5903
	36
	41.88
	118
	14.78

	S18
	DRI13
	BLM
	4744
	36
	43.158
	118
	12.254

	S19
	SS4
	LADWP
	3836
	36
	43.93
	118
	8.821

	S20
	N1
	BLM
	4104
	36
	45.106
	118
	3.176

	S22
	N4
	BLM
	5607
	36
	35.754
	118
	10.328

	S23*
	N5
	BLM
	3865
	36
	36.398
	118
	4.599

	S24
	V01
	LADWP
	3634
	36
	37.161
	118
	2.138

	S25
	N6
	BLM
	4229
	36
	38.408
	117
	59.752

	ISFF1
	Central
	
	
	36
	48.091
	118
	9.601

	ISFF2
	South
	
	
	36
	44.015
	118
	7.376

	ISFF3
	West
	
	
	36
	45.595
	118
	14.842


5.8 NCAR MGAUS

MGAUS will be based in Visalia, California. 

NCAR staff will be staying at the 

Fairfield Inn

140 South Akers

Visalia CA 93291

Telephone and fax: 559-636-7600

MGAUS will operate only on requested IOPs, as directed by the Operations Center. We will deploy to all areas of the San Joaquin valley as directed by the Operations Center. NCAR staff will need a minimum of 6 hours notice to prepare for any IOP. Staffing only allows for 24 hours maximum duration for an MGAUS participation in IOP, and 24 hours break between IOPs.

Any communications to the MGAUS should be directed through the operations center, which will have the correct duty phone number of the MGAUS NCAR staff operator. As an emergency contact, Timothy Lim’s cell, 303-818-9906 can be called to find out who the appropriate contact should be for the current MGAUS operator.

Staffing

Below is the current list of operators and dates. Staffing schedules may be subject to change.

Timothy Lim, February 20-March 5

Ned Chamberlain, 

March 5-19

Brian Pettigrew, 


March 17- April 1st
Kate Young, 





March 31-April 8th
June Wang, 






April 7th-April 14th
Tom Brimeyer, 







April 13th-April 27th
Timothy Lim, 








           April 27th- end

Alerting Procedures

MGAUS personnel will contact the ops center daily to report operational status and receive instructions regarding upcoming operations.

NCAR personnel will be assisted by up to two locally hired assistants for safety and backup. MGAUS is almost always within cellular phone coverage areas for safety.

Coordination with Other Participants

All communications should be directed through the Operations Center for clarity and line of command.

Data Access

All data will be sent to the Bishop Operations Center (BOC) via internet for direct ingest and available only on the website. http://www.joss.ucar.edu/trex/dm/. Note that all data products uploaded to this site will not yet be verified for quality control.

5.9 CU Tethered Lifting System (TLS)

TLS Measurements

The CU TLS system is scheduled to be deployed for a period of one month (Mar 15 – April 14) during the T-REX field season at a site in Owens Valley. It will be located near other T-REX ground based instrumentation in the center of the Owens Valley. The TLS consists of a tethered both balloon for light wind conditions or a high tech airfoil kite for higher wind conditions.  Multiple sensors are attached to the line to produce high vertical resolution measurements of wind speed, wind direction, temperature, and small-scale turbulence of both the temperature and velocity field. During the non-rotor conditions, the focus of the science effort will be stable boundary layer evolution. Therefore, the TLS operation will mainly be at night and early morning and will concentrate on measurements in the lower 1000 m AGL. For daytime operation the maximum altitude will be 3000 m for those scientific objectives that require full boundary layer profiles, provided that operating and atmospheric conditions are suitable.

Procedures

Set-up The TLS will be deployed March 15 by Mike Jensen, Yannick Meillier, and Ben Balsley. Testing and optimizing operating conditions will be conducted until March 20. From March 21 to April 14, the TLS will be operated by Mike Jensen and Yannick Meillier. 

Operations Our T-REX proposals are focused on boundary layer evolution for nighttime and early morning conditions. Typically, two staff work one 8-10 hour shifts per 24-hour day. The highest priority measurements are profiles up to 1 km at night and early morning and constant altitude measurements at various altitudes for 20-40 minutes. Daytime operations will depend on conditions and real-time information on wind and small-scale turbulence profiles will be valuable. For daytime data, the highest possible altitude will be attempted based on the science, atmospheric conditions, risk to the equipment, and FAA requirements.

Tear-Down The system will be dismantled on April 15, 2006.

Staffing and Schedule

Set-up and First Operations March 15–March 20: Mike Jensen, Yannick Meillier, and Ben Balsley

Operations March 21–April 14: Mike Jensen and Yannick Meillier

Tear-Down April 15: Mike Jensen and Yannick Meillier.

Alerting Procedures

The first decision input is the 6-hour forecast of the wind profiles in Owens Valley as well as precipitation. The FAA will be notified at the required earliest time for possible TLS deployment. Before leaving for the site, the wind and turbulence conditions will be checked based on the profiler data and the real time analysis of lidar data. The FAA will be notified at first launch and at the end of a measurement period.

Safety

Standard safety and travel/transportation procedures will be followed. The blimp has a remote controlled shutdown in case of emergency. All FAA requirements will be followed concerning operation of the TLS.

Coordination with Other Participants

The main coordination for optimal observations of the boundary layer evolution is appropriate Doppler lidar scan patterns, i.e., a stack of PPI scans over the TLS location and the central tower.  The bulk of field coordination will be attempted with cell-phone communications or pre-planning meetings. For non-IOP and EOP days, a fixed stack of Doppler lidar PPI scan patterns over the central tower and TLS is requested since the Doppler lidars can run unattended.

Data Access in Real-Time

Some real-time products can be provided by cell-phone communications. This will depend on operating conditions at the site.

TLS Field Operations Contact Number

Mike Jensen: 720-841-4899 (cell)

5.10 Air Force Research Laboratory (AFRL) Thermosonde

Location
This will be available after a field survey, which should take place before 10 February. We anticipate that we will find a launch site near Three Rivers, California. We will be hoping for broadband access to facilitate data transfer.

Data Collection Strategy
Our operations will start no earlier than Mar 20, and will cease no later than Apr 7. Generally, our objective is to obtain gravity wave and turbulence data over the Sierra Nevada range both on days that high altitude – stratospheric waves would be expected, and on some (not all) days that they are not expected. These would be used to check the accuracy of various models we are considering for Air Force use in forecast high altitude turbulence (greater than 50,000 ft). Air Force forecasters will be observing various forecast tools to see if high optical turbulence and/or high altitude waves are expected. Also, we prefer to avoid flying through rain, or thick clouds, since our temperature sensing wires are fragile. If it looks like the evening will be productive, the teams will be notified to proceed with launch preparations, and how many launches would be desirable. At a minimum, we would launch one thermosonde and a radiosonde without a thermosonde at about the same time on a launch night. We could launch up to three thermosondes and an additional radiosonde throughout night. If the next day is an IOP day, we might try a launch at around 2AM local to have results closely associated with the daytime experiments. These results can be relayed to aircraft mission planners before the planes enter the operations area. Similarly, the night after an IOP, we can to do an early evening launch after the aircraft have left the area.  This would provide maximum connectivity with the other T-REX data collection operations.

Procedures, Schedules, Alerting procedures, Safety

All thermosonde launches will occur at night. Typically payloads are assembled on the afternoon and evening before launch. By 30 minutes before launch, the balloon has been inflated with helium, and work has begun to activate the batteries for the instruments, and set up the transmitting frequency of the radiosonde that relays both normal meteorological and our special temperature variance information to the ground station.  Transmitting frequencies will have been coordinated with the T-REX team. If it is required by the FAA, we make a call to the location of the FAA’s choosing, usually the tower of the closest airport, to confirm that the airspace is clear. The thermosonde is then attached to the balloon, and the balloon is launched. The balloons typically rise at 4 to 7 m s-1, and achieve 30 km altitude within less than 2 hours.

Data/Product Access

After the balloon achieves maximum altitude and data reception is terminated, the data can be reduced by the field team leader, and reduced data files and/or plots will be sent to the data bank.  Data will include, altitude profiles of T, P, RH, wind speed and direction, ascent rate (an indicator of vertical wind velocity), and temperature turbulence levels.  We can also provide an estimate of eddy dissipation rate, ε, and an estimate of shear and Brunt-Väisälä frequency, which will not be corrected for wave-induced inaccuracies at that time.

Staffing and Emergency Contact Info

Organization:  Air Force Research Laboratory, Battlespace Environment Division, 29 Randolph Rd, Hanscom AFB, Massachusetts  01731-3010

PI:  George Jumper, Air Force Research Laboratory, Hanscom AFB, MA, AFRL/VSBYA, 781-377-3148

Co-PI:  Paul Tracy, Air Force Research Laboratory, Hanscom AFB, MA, AFRL/VSBYM, 781-377-3769

Engineer: Kris Robinson, Utah State University, 

Technician: George Clement, Utah State University, 

Field Team Leaders:  

1Lt Donald Mattis, AFRL/VSBY, Hanscom AFB

2Lt John Myers, AFRL/VSBY

At a minimum, three people will be at the filed location: Kris Robinson, George Clement, and one of the Team Leaders.  George Jumper and Paul Tracy will be at the site for part of the experimental period. 

5.11 Twice-Daily Soundings in Owens Valley

Procedures

RS-80 sondes (either RS-80 or RS-80G) will be launched twice per day from the Owens Valley Independence airport site during the entire March/April T-REX field program. The soundings are intended to document the vertical atmospheric temperature and wind structure in all weather conditions at times of day closely corresponding to the times of maximum and minimum temperatures in the valley.

Staffing and Schedules

Rawinsonde launches will be made at the Independence airport site at 0600 and 1500 PST on every day of the T-REX field program. Launches at this site will be made using an RS-80/RS-92G ground station provided by the University of Leeds. The sondes to be used are RS-80 (temperature/humidity) or, preferably, RS-80G (temperature/humidity/GPS winds) sondes that have been provided by the University of Leeds and its collaborators and were not part of the OFAP sonde allocation for T-REX. 

On days when an IOP/EOP is in progress, 3-hourly RS-92G sondes will be launched from the nearby MAPR site at launch times of 00, 03, 09, 12, 18, and 21 PST. The 06 and 15 PST soundings, however, will be launched using RS-80 sondes from the Independence airport. 

The staffing schedule for the rawinsonde launches includes staffing for both the twice-daily sondes and the 3-hourly sondes during IOP/EOP periods. The staffing schedule includes three 10-h shifts, each including three people. Each shift includes a lead NCAR technician and two helpers. Shifts during an IOP/EOP will utilize all three personnel for the 3-hourly RS-92G sondes launches from MAPR. For the 06 and 15 PST launches, however, the lead NCAR technician will remain at the MAPR site and the two helpers will travel to the Independence airport and launch the RS-80 sonde before returning to the MAPR site. The second person on the launch crew schedule will take responsibility for the RS-80 launch and will receive training from the University of Leeds to assume this responsibility. On non-IOP/EOP days, the second and third persons on the launch crew (i.e., not the NCAR lead technician) will take full responsibility for the twice-daily launches. A two-person Leeds crew (shift # 2 in the staffing schedule) will take the 15 PST sounding and a two-person crew (the second and third persons on shift #1 in the staffing schedule) will take the morning shift. The crews will arrange their travel schedules so that the sondes can be launched at the designated 0600 and 1500 PST times.

Alerting Procedures
The daily sondes are conducted at 0600 and 1500 PST every day, so that no alerting will be required.

Crew Duty Guidelines

The personnel schedule has been arranged so that the launch crews will be replaced or rotated at intervals to reduce fatigue. The crews should arrange to get sufficient sleep so as to reduce the danger of road accidents, etc. The 10-h shifts have been scheduled so that a new crew has sufficient time to drive to the launch sites from Bishop, and has a small time to overlap with the departing crew.

Safety

Launch crews contain two or three persons, so that no one is working alone. Crews must ensure that they have sufficient sleep before their shift begins, so as to reduce the chances of transportation or other accidents.

Coordination with other participants

The twice-daily sondes are routinely scheduled for the same two times of day and generally do not need to be coordinated with other T-REX participants. The crews need to coordinate, however, to make sure that all crew members get transportation to the site and arrive on time. The main coordination task will occur on IOP/EOP days when the crew will work a full 10-h shift with an NCAR lead technician at the MAPR site. During these shifts, two of the crew will have to travel the two miles to the Independence airport site to launch the 06 and 15 PST soundings and then return to the MAPR site.

Data/Product Access in Real Time

The twice-daily soundings will be transmitted to the Operations Center at the conclusion of the launches. 

Emergency Contact Information

Dr. Stephen Mobbs and Dr. Ralph Burton

University of Leeds

School of the Environment

Woodhouse Lane

Leeds LS2 9JT

United Kingdom

Contact information in the Owens Valley not yet available

5.12 University of Leeds Automatic Weather Stations (UOL AWS) 

Data

The Leeds AWS store data on internal memory card and do not transmit, or relay, any data in real time. 

5.13 University of Houston (UH) Sodar and Flux Tower

Site and instrumentation

The University of Houston (UH)’s sodar and flux tower will be operated at the Owens Valley Radio Observatory (OVRO) in the northern end of Owens Valley. Specifically, both equipment will be installed at 37º13’59.45’’N and 118º17’06.33’’W next to an existing trailer. Permission has been granted by OVRO to use the trailer during the experimental period.  

The UH SODAR is a Scintec MFAS-64 model. It operates at 2 kHz frequency band (1650-2750 Hz) and provides vertical profiles of wind speed, wind direction, and turbulence from near surface to 400-600 m AGL. The Doppler sodar consists of an antenna that weighs approximately 70 pounds and has the dimensions of 28 x 30 x 8 inches. It will be deployed inside an acoustic enclosure that will isolate the antenna from surrounding stray noise. The acoustic enclosure is about 10 feet in diameter. An auxiliary signal processing unit and laptop computer will be operated in the trailer. 

The 5-m flux tower will have one R.M. Young 81000 3-D sonic anemometer for measuring turbulent heat and momentum fluxes and a Campbell Scientific, Inc. (CSI) KH20 infrared hygrometer for latent heat flux. Soil temperature, soil heat flux, and soil water content will be measured at two locations near the base of the tower. Mean winds, temperature and humidity will be measured using R.M. Young 30001 cup anemometer and vane and CSI CS-500 temperature/RH probes. The mean instruments will be sampled at 1 Hz and averaged to 1 min while the turbulence instruments will be sampled at 20 Hz. All data on the tower will be collected using a CSI CR5000 datalogger. 

Set up

The sodar and the tower will be transported from Houston to the site by a utility vehicle around Feb 25. They will be unpacked and installed on Feb 26 and 27, and tested on Feb. 28.

Operation

Both the sodar and the instruments on the tower will be operated continuously from March 1 through April 30. The sodar data will be saved on the hard disk of the computer while the tower data will be stored in a data cartridge and transferred at ten-minute intervals to a laptop computer for storage. Weekly back up will be performed to avoid unexpected loss of data. The systems will be dismantled immediately following the experiment and completion is anticipated by May 2, 2006. Due to other planned activities at the OVRO, the crew and the equipment are expected to leave the site no later than May 5. 

Staffing and Schedule

Set-up:  Craig Clements and Ju Li (Feb 25-28)

Operations: Craig Clements   

Tear-down: Craig Clements and Tim Becker, May 1-3 

Alerting procedures

The operating status will be reported to the Operations Center. Craig Clements can be contacted directly by cell phone at 713-240-4480.

Safety

Standard climbing safety and travel/transportation procedures will be followed.

Coordination with other participants

Since the site is away from others and the operation will be continuous, no coordination with other participants is needed.  However, special attention will be given to the measurements during EOPs and when flow channeling is important.

Data access in real-time

Real-time access is not anticipated at this time, but the sodar data can be made available on a daily basis. 

5.14 University of Utah Temperature Data Loggers (HOBOs)

Procedures

Fifty temperature dataloggers will be installed on lines that run 1) along the floor of the Owens Valley from Lone Pine to Bishop, 2) across the valley from the eastern slope of the Sierra Nevada to the crest of the Inyos through Independence, CA, and 3) down the west side of the valley from the Foothills Road through Manzanar, CA to the Owens River. Temperature samples will be collected by each of the instruments at 2-min intervals, starting in late February 2006 and running through the end of April 2006. The temperature data will be stored onboard and downloaded at the end of the experiment. The thermistor temperature sensors will be exposed in self-aspirated radiation shields at heights of about 1.3 m AGL. The altitudes of the individual sites will be determined sometime during the two-month experiment using differential GPS, so that all sites will be visited during the 2-month period.

Staffing and Schedules

The PI (Dr. Whiteman) will be installing the HOBOs during the last two weeks of February with help from one or two graduate students. Visits to the HOBO sites to determine the altitudes will be made by a two-person crew including Dr. Whiteman during the period 2-15 April on non-IOP/EOP days. The equipment will be retrieved over a two-day period at the conclusion of T-REX.

Alerting Procedures

None required.

Crew Duty Guidelines

No crew is required for the routine operation of this automatic equipment.

Safety

During the installation, altitude measurement, and retrieval operations, the two-member crew will carry a cell phone. A walkie-talkie will also be carried if a third person is available in the valley to monitor the frequency on our second walkie-talkie. 

Coordination with other Participants
Differential GPS equipment will be borrowed from Dr. Mobbs. We will coordinate with Drs. Chow, Poulos and Street regarding the co-location of soil moisture sensors at some of the HOBO sites. We have obtanined all necessary permits from the US Forest Service, the Bureau of Land Management and the Los Angeles Department of Water and Power. No other coordination is necessary.

Data/Product Access in Real Time

Temperature data are stored in memory at each of the 50 sites. No data transmission capability is available, so that there is no access to the data in real time.

5.15 Weather Station on Wheels (WOW)

Parameters Measured

3D position, speed, heading, 2D wind, temperature, dew point, pressure

Schedule 

21 March - 13 April

Staffing 

1 (Georg Mayr)

Alerting Procedure 

Will call in or be present at the operations center in Bishop

Crew Duty Guidelines 

None

Safety 

No special concerns coordination with others:  upstream radiosoundings and aircraft missions (drive concomittantly)

Data Access
Not real-time; download of raw data to operation centre at the end of each measuring day; postprocessed and corrected data 1 month after field phase if no data problems occur

6 Aircraft Operations


Three aircraft will participate in T-REX. Table 10 summarizes each aircraft’s capabilities. Field deployment periods, number of research hours, and bases of operation for the T-REX aircraft are shown in Table 1. 

	
	NSF/NCAR HIAPER
	UK FAAM BAe146
	UW King Air

	Altitude min 
	Per FAA regulations
	Per FAA regulations
	500-1000 ft AGL

	Altitude max
	51,000 ft (absolute),

47,000 ft (T-REX)
	35,000 ft
	28,000 ft

	Endurance
	10 hrs
	5 hrs
	4.5 hrs

	Range
	4,500 nm
	1,700 nm
	1,000 nm

	Speed (knots True Air Speed)
	450 max (Mach .885)
	Research 200, Cruise 230, Max 305 (Mach .72)
	Cruise range 170-230, Research 150

	T-REX Special Instrumentation
	Dropsondes
	Dropsondes
	Wyoming Cloud Radar

	Communications
	2 VHF, 2 HF, 2 Satcoms
	2 VHF, 2 HF, Satcom
	3 VHF, Satcom

	Navigation
	MNP and RVSM compliant

Dual GPS, TCAS
	RVSM compliant
	Dual GPS (FMS/GPS)

TAS system, Not RVSM and MNP compliant

	Crew Duty
	35 flight hrs/week; 110 flight hrs/month; 2 consecutive work days
	55 hour/week; 95 hrs/2-week period

Duty hrs = Flight hrs +3; 7 consecutive work days
	7 flight hrs/day; 35 hrs/7 day period; 110 flight hrs/30 day period; 14 hrs crew duty; 6 consecutive work days

	Rest Period
	12 hrs pilot rest; one hard down day per week
	12 hrs pilot rest; 2 consecutive days off required in any 14 days
	12 hrs

	Number of pilot crews 
	2 crews April 4-15; 1 crew otherwise
	1 crew (changeover March 26)
	3 crews; 1 crew at any given time

	T-REX scientists/visitor seats available
	2-5 for use by non-EOL and non-ACD instru-ment operatators
	14
	2

	Number of Flights 
	~12-13
	~10
	~25-30


Table 10 Planed aircraft for participation in T-REX.   

6.1 NSF/NCAR HIAPER

6.1.1 Introduction


The objective of the HIAPER program in T-REX is to observe disturbances in the upper troposphere and low stratosphere related to waves and rotors, and to serve as a platform for launching dropwindsondes (DWS) down through the troposphere to the earth’s surface. For understanding the geometric aspects of these objectives, we can identify four types of aircraft maneuvers.

1. DWS soundings upstream of the Sierras to determine upstream conditions for numerical models (Emphasis on Y, Z pattern)

2. Curtain of DWS across the Sierra Range to map plunging flow and rotor conditions. (Emphasis on X, Z pattern)

3. Repetitive monitoring of wave and turbulence fields above the mountains and rotors at two levels. (Emphasis on X, T pattern)

4. Repetitive upstream and downstream partial A/C soundings to establish tracer layering and wind shear and to detect the transport of tracers in mixing. (Emphasis on Z, T pattern)

[Note: in the items above, X is the downstream, cross-ridge distance, Y is the cross-wind, along-ridge direction, and Z is the vertical direction. T is time]


All four of these maneuvers contribute to the core T-REX objectives and items 3 and 4 also contribute to the secondary objectives related to the Upper Troposphere-Lower Stratosphere (UTLS) chemistry project. 

6.1.2 Pre-Project Planning


The planning for HIAPER flights in T-REX evolved with consultation among the T-REX and UTLS investigators, including the following steps:

1. White paper and Feasibility Study (Winter 2004–Summer 2005) 

2. Boulder meeting (MMM conf room) (October 2005)

3. Reno T-REX Workshop (November 2005)

4. Boulder RAF meetings (December 12 and 14, 2005)

5. Boulder FPS meeting (December 14, 2005)

6. Teleconference (December 28, 2005)


The goal of these discussions was to design HIAPER flight tracks that would meet the observational objectives listed in Part 1. By the end of 2005, there was consensus on the priority of the “cross-mountain vertical box” pattern as the basic element of the HIAPER missions. As described in the Operations Plan text (from Dec 28, 2005): 


The HIAPER flight pattern would consist of a basic HIAPER cross-mountain vertical box, including two cross-mountain legs flown at a pair of altitudes: for example 30 kft west bound in the troposphere and 41 kft eastbound in the stratosphere. At the end points of the horizontal legs, a spiral ascent and spiral descent soundings would be done. The highest priority is to complete two of these boxes to evaluate flow steadiness. It is expected that other flight track components will be possible, such as: a vertical box with different altitudes, a Sierra foothills DWS leg, a Pacific Ocean DWS leg, or an aircraft intercomparison leg. In addition, the ferry flight from Jeffco and Owens Valley will be optimized for sampling the tropopause and the cyclonic side of the subtropical jet for STE studies. 


In general, the eastbound leg will be flown at an odd-numbered flight level (i.e. 31 kft) while the west-bound leg will be flown at an even-numbered flight level (e.g. 42 kft). The cross-mountain vertical box pattern is well suited for dropping sondes in support of low-level rotors. On each pass over the Sierra Range, we expect to drop at least four DWS. These may be spaced out over the entire range of the allowed DWS region or concentrated in a burst over the Sierra Range or Owens Valley.


The cross-mountain vertical box is also well suited for monitoring the steepening and breaking of gravity waves as they enter the stratosphere According to basic theory, as waves enter the stratosphere the influence of decreasing wind, increasing static stability and decreasing air density all cooperate to steepen the wave and push it towards breaking. The upstream A/C sounding probably provides the most authoritative sounding with which to diagnose the likelihood of breaking.  A comparison of the upstream and downstream soundings may allow an analysis of energy dissipation and tracer mixing and transport. 


If each vertical box pattern takes 74 minutes (Table 11), four repetitions of the box pattern will take nearly the full 5 to 6 hours that we have in the target Sierra region. These repetitions will allow a careful evaluation of the steadiness of the waves and turbulence. The altitude and track for the box patterns may vary from day to day depending on conditions. The altitudes will be chosen so that the lower leg is in the upper troposphere while the upper leg is well into the stratosphere, near the service ceiling of the HIAPER. The direction of the track will be chosen to be nearly parallel to the wind vector. Three preset tracks are available (A, B and C), as shown in the Table 12.  

	Component
	Distance or Altitude Change
	Elapsed time

(minutes)
	DWS

	Stratospheric ridge crossing
	160nm
	23 
	4

	Sounding 
	14000 feet
	14 
	0

	Tropospheric  

Ridge crossing
	160nm
	23
	4

	Sounding 
	14000feet
	14
	0

	Total
	
	74
	8


Table 11 Vertical box pattern components (all elapsed times are crude estimates).


An important part of the vertical box is the A/C sounding at each end. As the atmospheric layers are displaced vertically by internal gravity waves along the horizontal legs, the soundings must extend above the highest leg and below the lowest leg. This allows the “stratigraphy” of the layers to be diagnosed. If for example, the crest-to-trough wave amplitude was 3000 feet, the soundings must extend at least 1500 feet above the highest leg and 1500 feet below the lowest leg. Upon reaching the end coordinate of the stratospheric cross-mountain leg, the aircraft will immediately begin to climb about 3000 feet higher. After reaching the maximum altitude, the descent will begin, finally reaching an altitude 3000 feet below the return leg. As the A/C climbs back to the attitude of the lower cross-mountain leg, it should maneuver so that is can efficiently and accurately join the desired track.

	Track

(Nominal Wind)
	West End
	East End
	Heading

(Mag)
	Length

(nm)

	A

(275T)
	37:00

-120:11
	36:42

-117:07
	80-260
	150

	B

(245T)
	36:12

-119:54
	37:12

-117:04
	50-230
	150

	C

(215T)
	35:25

-119:32
	37:23

-117:37
	20-200
	150


Table 12 Three cross-mountain flight track options. [Note: the magnetic variation in the Independence-Fresno region is about 15 degrees East. Example, 275T=260M]


There has been some discussion about the best way to do the end-of-track aircraft soundings. If the gust-probe wind measurements turn out to accurate in the turns, the oval racetrack or circular spiral ascent and descent would be optimum. At the end of each sounding, the aircraft must merge back on the cross-mountain track quickly achieving the requested 200 m horizontal and 20 m vertical track accuracy. The soundings should be done beyond the track end points, not closer to the mountain. Ideally, the soundings should be kept as close to the track end-points as possible, so that they intercept the same air parcels that we touched on the horizontal legs. 


During the cross-mountain legs, the A/C will be dropping sondes, typically four per leg. The location of the drop points is determined by the permissions obtained from the Agencies and the safety issues related to populated areas. The HIAPER has tested DWS launches down to 35 kft. Additional tests are planned down to 25 kft. 


As the DWS must have a direct line-of-sight to the aircraft, there will probably be some lost signal due to terrain blocking. For example, DWS launched over the western foothills may be blocked as the aircraft flies eastward towards Nevada. The high altitude of the HIAPER will help a little. With a terrain slope of 1/10 and with an aircraft altitude of 10km, blocking will start when the aircraft reaches a point 100km away. On the first mission, we should try a simple open pattern of DWS and compare events of blocking against simple geometric predictions. If blocking is a serious problem, one would drop only on the east side, when flying east, and vice versa.


When other T-REX aircraft are operating below, we may be required to shift our track north or south, generally in “downwind-crosswind” direction so that the HIAPER’s sondes drift away from the lower aircraft. Such a shift must be decided prior to the flight however. Once a shift distance has been decided upon, it must be maintained for the entire flight. 


As the aircraft is stationed in Boulder, there is nearly a 2-hour ferry leg to reach the target region. During this time, the instruments will be turned on. Various interesting meteorological phenomena may be encountered, especially for the UTLS project.  During the ferry flight, NOTAMS should be monitored giving an advance indication of turbulence in the target region. As we approach Nevada, we will probably be required to avoid the large military restricted areas. If this occurs, we will have to execute a “dogleg” to reach the east end of the selected track.  During the ferry flight, we should be seeking flight level turbulence reports from the target area. The first cross-mountain leg will be called a “scouting leg”. All personnel will be seated strapped in during this leg, and no dropsondes will be attempted.


On occasion, we may reduce the number of box patterns to allow other flight elements such as:  Pacific Ocean Dropsondes and Sierra Foothills cross-wind Dropsondes.  Another option is to fly the vertical box once with different altitudes with vertical soundings cover a greater depth of stratosphere and troposphere, which will provide  important background information for comparing with the tropopause region not perturbed by the mountain waves. Also, once or twice during the project, we might take time to do an aircraft inter-comparison or a public relations landing in the Bishop area. Crude estimates of the trade-offs for adding these extra DWS tracks are given in the Table 13.

	Plan #
	Cross-mountain

Vertical boxes
	Vertical box with different altitudes
	Ocean DWS
	Sierra Foothills

DWS
	Inter-comparison

	1(basic)
	4
	0
	0
	0
	

	2
	3
	1
	0
	0
	

	3
	3
	0
	0
	1
	

	4
	2
	0
	1
	0
	

	5
	2
	0
	0
	2
	

	6
	3
	0
	0
	0
	1


Table 13 Trade-offs in flight planning (rough estimates)

During the long HIAPER missions, we will attempt to keep the Operations Center in Bishop and the RAF in Boulder informed about our progress. This can be done in part using the onboard CHAT capability. We will also transmit DWS data for the purpose of initializing a quick-to-run linear model of mountain waves over the Sierras.


The forecast for ferry flight will be done using NCEP product (winds and tropopause pressure). These forecast products are available via several operational site (NCAR RAL and Univ. Utah Dept. of Meteorology, etc). Custom forecast figures and data selection can be done at NCAR using the AWIPS system.  The flight path and altitude will be selected to sample the tropopause region and the region of subtropical jet.  One flight scenario is given in Figure X. 

6.1.3 Decisions Made during T-REX 


The decision-making structure in T-REX is located at the primary T-REX Operations Center in Bishop, CA (BOC). The Flight Scientist in Boulder must participate (remotely) in the daily planning meetings there. Several elements will be taken into account when scheduling a HIAPER flight:

· Forecast for low-level rotors or wave breaking aloft (or environmental indices),

· The readiness status of the HIAPER and other T-REX observations systems,

· The projected resource utilization curve,

· The history of successful observations on prior flights for particular atmospheric phenomena.


After a decision to fly has been made, there are several options that must be specified. As of this writing, it is unclear how far in advance of the take-off time these options must be selected.  

· The direction of the flight legs must be selected from three pre-set options in Table 12. In addition to forecasts of wind direction, radiosondes launched upwind of the Sierra crest from MGAUS and Lemoore, along with special thermosondes deployed by AFRL will be useful. If another aircraft will be operating below, a 10 nm north or south offset of the flight tracks should be planned. These could be specified by adding or subtracting 10 arc minutes from the end-point latitudes specified in Table 12. If two aircraft are operating below, it may be necessary to shift the HIAPER by 20 nm. In this case, 20 arc minutes should be added or subtracted from the end points. 

· The altitudes of the basic vertical box pattern must be selected. Ideally, we would like the lower leg to be well in the troposphere while the upper leg is well in the stratosphere. It might be well not to push the upper leg higher than it need be because of loss of aircraft performance at high altitude. As of this writing, it has not been decided whether to fly the stratospheric or tropospheric leg first. This may be influenced by ATC or A/C performance considerations as well the tropopause height information based on the forecast. During that time of year, the tropopause (jet position) is going through an active adjustment from winter low to summer high.  The altitude of tropopause could be as low as 30 kft or as high as 45 kft. This information could significantly influence our decision on which leg to fly first.  Other flight track options should be selected, possibly including a vertical box with different altitudes, a Sierras foothill DWS leg, a Pacific Ocean DWS leg or a two-aircraft inter-comparison. 

· Options for the ferry flight must be considered, including the flight path and altitude.  The decisions will be made based on the optimal sampling for the stratosphere-troposphere exchange study described in parts 1 and 2, for the forecasted position of the subtropical jet and the tropopause height. 


There is considerable uncertainty in pre-project HIAPER flight track designs. Several important elements cannot be forecast with precision, including:

· Ground speeds made good under actual conditions

· Turn and climb rates under actual conditions

· Delays and detours forced by ATC

· Severe turbulence requiring re-routing

· Delays or failures with DWS launches

· Instrument failures

· Conflicts with other T-REX Aircraft

 In addition to these operational uncertainties, there may be scientific issues such as:

· Shifting science priorities arising from findings early in the T-REX project,

· If rotor events prove rare, additional emphasis might be shifted to upper-level wave breaking,

· Unique observational opportunities arising from the occurrence of unusual atmospheric phenomena,

· The need for additional instrument calibration or inter-comparison.


If conditions suggest changes in flight track design, several factors should be considered. First, the pre-project plans were used for briefing the FAA.  Significant changes might catch them by surprise. Second, there is an inherent value to having similar flight tracks on different missions, as inter-flight comparisons are easier and more useful scientifically.  Third, additional consultation and crew training may be required. 


When tough decisions about HIAPER operations have to be made, it is recommended that the “big picture” be kept in mind. Based on the experience from previous projects, we can predict that the following ingredients will be necessary for a successful GV T-REX program: 

· Flights during the most active wave and rotor events

· Well designed flight tracks to advance the science

· Accurate repetitive flight tracks (alt+/- 20 m; track+/- 200 m)

· Avoid traffic conflicts with other aircraft. No ATC delays.

· Careful monitoring of instrument performance. Quick data analysis.

· Optimum launch positions for DWS (coordinated with other a/c)
6.2 BAe146

6.2.1 General Information



Timetable The aircraft will leave Cranfield, UK on 11 March 2006 and arrive at Fresno on 13 March. The crew and aircraft will be ready for scientific flights on 16 March. The last possible date for a scientific flight will be 9 April. Pack-up will take place on 10 April and the aircraft will return to the UK on 11 April, arriving at Cranfield on 13 April.


Mission Scientists Mission scientists available during the T-REX period are: 


Simon Vosper, Met Office (12 March – 25 March)


Phil Brown, Met Office (19 March – 1 April)


Peter Sheridan, Met Office (25 March – 10 April)


Richard Cotton, Met Office (13 March – 10 April)


Dave Kindred, Met Office (12 March – 10 April)


Jim McQuaid, University of Leeds (13 March – 11 April)

A full list of pilots, crew and ground staff is provided in Appendix C.


Flight Plan Summary There are essentially 3 different types of flight plan, each of which addresses a different aim:


1. Rotor Flights


2. Wave cloud flights


3. Cold pool flights including chemical  (RAPTOR) and dust measurements.


The scientific aims and draft sortie briefs for the above flights are presented in Section 6.2.2 and Appendix B, respectively. Note that the order of priority of these flight plans are as listed above i.e. rotor flights take the highest priority.  Where coordinated (with the NCAR HIAPER and/or UWyo King Air) rotor flights are possible, these will take priority over the other mission types. Wave cloud flights will be the next highest priority, followed by cold pool/chemistry missions.  


In order to maximize the use of the 146 whilst in the US, on days where the meteorology is such that none of the above missions are viable, some low-level surface radiation measurements will be conducted over the Mojave Desert for the purposes of satellite calibration.

BAe146 Instrumentation The list of instrumentation that is capable of being carried by the FAAM BAe146 is given at http://www.faam.ac.uk/public/instrumentation.html. In addition to the Core instrumentation list (shown in red on the preceding web page), the following non-Core instruments will also be operated on some or all flights during T-REX:

ARIES Airborne Research Interferometer Evaluation System (550 - 3000cm-1)
CCN Cloud Condensation Nuclei (Rosemount pair inlet instrument)

CIP-100 DMT Cloud Imaging Probe (PMS canister instruments) 100 - 6400µm 

CVI Counter flow Virtual Impactor (with PCASP and TSI 3020 CN counter)

DEIMOS Dual-frequency Extension to In-flight Microwave Observing System (23 and 50GHz, two orthogonal polarisations)

FWVS Fluorescence Water Vapour Sensor Water Vapour (Tdew < -15C)

IIR Imaging Infrared Radiometer (3 - 5µm)

INC Ice Nucleus Counter (Rosemount pair inlet instrument) Atmospheric particles capable of acting as ice nucleation centres

MARSS Microwave Airborne Radiometer Scanning System 89 - 183GHz (upward and downward)

PAN Peroxyl-Acetyl-Nitrate electron capture gas chromatograph (Air sample pipe instrument) PAN

SID 1 Small Ice Detectors (PMS canister instrument). Spherical Equivalent size spectrum (1 - 50µm) 

SID 2 Small Ice Detectors 2 (PMS canister instrument). Spherical Equivalent size spectrum (1 - 50µm)

VACC Volatile Aerosol Concentration and Composition

WAS Whole Air Sample bottles (filled from air sample pipe) Sample collection provision only


Emergency Contact Information Next of kin details for all staff involved with the BAe146 during T-REX are held by FAAM. Contact details:  Mr Bob Wells, FAAM Tel: 01234 754864 E-mail: rowel@faam.ac.uk
6.2.2 Scientific Aims


Rotors The overall aims of this work are to measure the mountain waves and associated rotor motions that occur over the Sierra Nevada mountain range and Owens Valley. In particular we wish to examine the structure of the rotor recirculation that occurs above Owens Valley and relate its occurrence to the upwind conditions. The measurements will feed into a current research program and will contribute to the following specific objectives:


1. To better understand the upstream conditions necessary for the formation of rotors, due to either lee-waves or hydraulic jumps. In light of its apparent importance in recent numerical simulations (Vosper, 2004; Hertenstein and Kuettner, 2005) and observations in the Falkland Islands (Mobbs et al. 2005), the role of the upstream temperature inversion will be examined.


2. Based on improved understanding of the upstream conditions necessary for rotor formation, to develop new forecast techniques.


3. To obtain detailed measurements of hydraulic jumps and/or lee wave rotors for model validation purposes.


4. To develop a better understanding of the small-scale phenomena (e.g. intense sub-rotors) which are thought to represent a hazard to aviation.


5. To determine the ability of high-resolution numerical models to predict rotor events in Owens Valley and investigate sensitivity of model simulations to resolution, surface boundary conditions and the accuracy of upstream conditions. Model simulations will be conducted with the Met Office Unified Model.


6. From the point of view of gravity-wave drag parametrization in numerical weather prediction, to investigate the effect of rotors and hydraulic jumps on the net drag.


Ice Nucleation Studies in Orographic Wave Cloud Studies It is well-established that the nucleation of ice particles in clouds at temperatures of between about -5 and -35C is dependent on the presence of a subset of the atmospheric aerosol referred to as ice nuclei (IN). The mode of activity of the IN depends on their chemical and physical properties. There is, however, increasing evidence that many IN act in what is sometimes described as the “immersion-freezing” mode, that is they act first as cloud condensation nuclei (CCN) with subsequent freezing of the supercooled liquid droplet. Previous measurements from the INTACC field campaign suggested that droplet freezing was occurring during the evaporation phase of supercooled clouds, in the downdraft of the orographic wave. 


Measurements in T-REX will focus on the use of the updated Small Ice Detector (SID-2). It is hoped that this will provide improved identification of the onset of small numbers of ice crystals within a supercooled droplet cloud and hence enable the more precise identification of the environmental conditions at the onset of ice nucleation. Supporting measurements to characterise the aerosol properties will be made using a continuous-flow IN counter and a volatility system (VACC).


The missions will involve flying alongwind legs at a number of altitudes so as to penetrate orographic wave clouds. The in-situ measurements will subsequently be compared with results from a parcel model. The latter will be initialised at a number of different altitudes in the upstream profile and run with the observed horizontal and vertical wind fluctuations. For direct comparison with in-situ measurements from a single flight leg, data from a number of model runs will be interpolated onto the aircraft altitude. Normally, measurements will concentrate on cloud forming in the first wave crest. However, when a train of wave clouds exists, two or more may be penetrated in the alongwind direction. This will enable the study of aerosol conditioning effects, that is changes in their IN activity due to an initial activation to cloud particles followed by subsequent evaporation.


The primary meteorological requirement is for an orographic wave system forming cloud within the temperature range of about -15 to -35C. Warmer temperatures may be sampled if it is possible to maintain safe altitude separation above the mountain tops. Winds will be from a predominantly westerly to south-westerly direction since this enables environmental profiles to be measured in relatively undisturbed air upstream of the mountain. Such profiles are required both for aerosol characterization and subsequent initialization of the parcel model.


Cold Pools The primary aim of cold pool measurements will be to understand the interaction between the tropospheric mountain waves and the flow within the boundary layer. Of particular interest is the development of the flow at the onset of a strong mountain wave event where a stagnant cold pool is present within the Owens Valley. The measurements will contribute to our understanding of how the downslope winds penetrate into the cold pool and how mountain-wave rotor motion leads to erosion of the cold pool.


The measurements will involve in-situ measurements of the velocity and temperature fluctuations in the mountain wave fields and, where possible (safety considerations permitting), beneath the waves in the rotors themselves (i.e. below the mountain crest and in Owens Valley) during the initial stages of rotor development. Dropsondes will be used to determine the vertical structure of the rotors and for measurements of the conditions up and downwind of the mountains.


Chemistry (RAPTOR) and Dust The primary aims of this work are to investigate the effect of mountain-wave and rotor motion on mixing of chemical species between the boundary layer and the free troposphere and the effect of thermal pumping (generated through the wave motion) which will affect the kinetics of the chemistry occurring in this region of the atmosphere. 


In addition to the above chemistry aims, the characteristics of the spatial distribution of Owens Lake dust is of interest. Owens Lake is one of the largest sources of aerosol in the continental US. The composition of the aerosol from this source is rich in salts not associated with anthropogenic emissions and have been found not only on the top of the mountain ranges but also in neighbouring valleys. The unique signature makes tracing the dispersal of this aerosol relatively simple.


The planned flight patterns for examining the chemistry and dust distribution are similar to Cold Pool flights and it is likely that these missions will be combined.

A. Appendix: Background Information on HIAPER

General parameters for the HIAPER in T-REX:

Program: 1 March to 30 April

Total flight hours: 120 (15 hours for testing)

Flight duration: ~9 or 10 hours 

Number of flights ~12 or 13, depending on average flight duration

Base: Jeffco (ferry ~ 2 hours each way)

Max altitude: ~47 kft

Typical airspeed: Mach 0.8 (~7 nm/min)

Typical climb speed: 2000 feet per minute (less at high altitude)

DWS per flight: ~ 20 to 30 (only four in the air)

DWS restricted in some areas, no DWS on ferry flight

Non-RAF science crew: typically 2 to 5

Alert for severe CAT

Datasets reserved for T-REX (and UTLS) scientists and collaborators for 1 year

Flight and Data Schedules:

In discussion with NCAR/RAF, the following constraints on flight and data schedules have been agreed upon:

Daytime operations in the Sierra Nevada target area

Maximum total flight duration is between 9 and 10 hours

Normal days: 

Earliest flight: Takeoff at 0700 MST; Touchdown at 1700 MST

Latest flight: Takeoff at 1400 MST; Touchdown at 2400 MST

Decision to fly made in mid-afternoon (~3PM) on the preceding day

Cancellation before fueling

Unusual days: 

With 24 hour notice, earlier or later operations are possible

Such operations would impact flight schedules on subsequent days

Down days:

One down day per week. Notice of a down day to be given by 5PM the preceding day.

Preference for weekend down days, if it does not adversely impact the project

Quicklook data: A “quicklook” 1Hz aircraft data set will be available within 12 hours of landing.  DWS data is also needed. This data is used for writing the mission summary and planning future missions. Netcdf files can be reviewed using the NCAR Aeros software. If the chemistry data is not in the available data set, a summary of it will be provided by the personnel in charge of these instruments. 

Tentative Schedule for HIAPER Mission Scientists for T-REX

	Mission Scientist
	Duration

	Ron Smith
	Feb 27 to March 18

	Jim Doyle
	March 13 to March 25

	Ron Smith or other
	March 25 to April 5

	Vanda Grubisic
	April 5 to 19

	Ron Smith or other
	April 19 to 22

	Qingfang Jiang
	April 22 to April 30


(*Most flights will also have a lead UTLS scientist onboard. See list below)

Responsibilities of the Flight (or Mission) scientist:

· In collaboration with the T-Rex Operations Center in Bishop, decide the date/time of flight and the research flight plans. 

· Through discussion with RAF, be aware of aircraft and instrument readiness

· Communicate decisions to NCAR/RAF

· In collaboration with RAF, assign crew seats and responsibilities on the A/C

· With the assistance of crew, monitor the progress of the flight including achievements and failures

· With the assistance of the crew, plan for in-flight flight track changes

· Coordinate DWS launches

· On board, keep science crew and aircraft crew fully informed about ongoing planning and final decisions. If appropriate, communicate with Bishop using CHAT or other method. 

· Participate in the post-flight debriefing. Report to Bishop. Write mission summary.

Key meteorological measurements from the HIAPER for T-REX:

· Winds (mean and fluctuating)

· Air temperature

· Static pressure

· Tracers (H2O, O3, CO and aerosol)

· Differential GPS position and elevation

· Side digital camera(s). Crew photos should be considered part of the T-Rex data set; with proper credit given to the photographer. 

· DWS profiles of wind, temperature and humidity

 [Note: The list above is just a summary. It does not give required instrument accuracy or frequency]

Typical flight conditions in the T-REX region:

· Tropopause: ~12km (200 hPa ~39 kft)

· Low stratosphere temperature: -65ºC

· Westerly winds ~60 kts

· Gravity waves are present if mountain top wind is strong.

· Possible wave breaking in low stratosphere due to decreasing wind, decreasing air density and increased static stability

Objectives of the UTLS team in the “target region”: We are interested in how large-scale “stirring” and small-scale turbulence and gravity wave breaking work together to produce the irreversible transport and exchange of chemical species. High-resolution in-situ aircraft observations have shown that mixing of chemical constituents is often associated with gravity waves near jets [e.g., Cho et al, 1999; Pavelin et al. 2002]. In these studies, enhanced turbulent kinetic energy was found near the tropopause in regions of low gradient Richardson number. It was shown that this turbulence was responsible for large perturbations in ozone and water vapor, which occurred due to irreversible mixing of stratospheric and tropospheric air in the turbulent layer. We are also interested in the extent of the vertical redistribution of tracers by large amplitude (possibly breaking) mountain waves. Answer questions like: how deep are vertical intrusions of tropospheric air into the stratosphere by stable wave motions - i.e., reversible process. Also, what are the details of the irreversible mixing associated with mountain wave breaking? Is the mixing occurring at the right level to induce significant strat-trop or trop-strat exchange? Scientifically, it would be advantageous to have HIAPER sample the tropopause ± 3 km range during most flights and deeper depth during 1-2 flights. The vertical depth will provide data for mapping the entire transition region, allow comparisons with prior measurements of this transition region away from active mountain waves. 

Optimization of the ferry flights for the UTLS team: Springtime is potentially the most active time of STE near the subtropical jet.  The extratropical tropopause is going through a period of active adjustment and the stirring of the baroclinic eddies during the adjustment may have contributed to the high value of stratosphere to troposphere transport of ozone [e.g., Langford, 1999].  The ozone value in the lower stratosphere is reaching its maximum, which provides an ozone rich air mass for the exchange.  We are interested in measuring the region of the tropopause near the subtropical jet.  Tracer correlations will be used to characterize how sharp or smeared it is in terms of the chemical transition.  We are also interested in the tracer gradient across the jet core at different levels (the level of jet core, above and below). 

We suggest that we consider three scenarios of using ferry flight time for the STE objective:

At the beginning of the campaign, we want to minimize the ferry time and maximize the time spent at the target region.  The ferry flight for the west bound could be designed to go near straight line with sawtooth transact the tropopause a couple of times.  Based on our experience during Progressive Science, the shallow sawtooth ( ± 5 kft) pattern should be easy to accomplish.   We are flexible enough in when to do it so it should not have problem with ATC request.  The East bound (returning) flight could go along the jet. This pattern will deviate from the straight line but the tail wind might partially compensate.  In general, any outbound-and-return flight will be slowed by wind; no matter what its direction.  I am consulting the pilots for calculations.  The two figures are two possible scenarios for this type of flights, one for a Westerly flow (figure X) and the other for a North-westly (figure Y). 

During the campaign, if the forecasted mountain wave activities do not materialize but the GV is already out there, we suggest to do some vertical sampling near the jet on returning so the flight will not be wasted.

Toward the end of the field campaign, in case extra flight hours left, we suggest to use it for a case study of spring time stratospheric intrusion. 

UTLS PI assignment: We have five PIs who have agreed to serve as mission scientists.  They are Laura Pan, Brian Ridley, Sue Schauffler, Bill Randel and Al Cooper.  We have assigned double crew for each week with one to be on GV and the other on the ground for planning meeting when consecutive flight day is planned. 

Wk1 (Feb 27-Mar 5): Al Cooper, Laura Pan

Wk2 (Mar 6-12): Sue Schauffler, Al Cooper

Wk3 (Mar 13-19): Laura Pan, Bill Randel

Wk4 (Mar 20-26): Bill Randel, Al Cooper

Wk5 (Mar 27-Apr 2): Brian Ridley, Sue Schauffler

Wk6 (Apr 3-9): Al Cooper, Sue Schauffler

Wk7 (Apr 10-16): Bill Randel, Al Cooper

Wk8 (Apr 17-23): Laura Pan, Sue Schauffler

Wk9 (Apr 24-30): Laura Pan, Bill Randel

Figures:

1. Sierra Wave cloud

2. GV (HIAPER) aircraft with dropwindsonde insert

3. Example of rotors and breaking waves in the stratosphere according to COAMPS (Doyle, NRL)

4. Climatology of wave strength and turbulence intensity according to COAMPS simulations (Doyle, NRL)

5. Schematic of the “vertical cross-mountain box pattern”

6. Three proposed cross-mountain tracks to accommodate different ambient wind directions

7. One possible cross-mountain track showing dropsonde locations and race-track soundings. In this figure, the race-track soundings are offset from the legs. A better option is to have them centered on the track end point. 

8. Shifted cross-mountain track to avoid DWS hitting lower aircraft.

9. Ferry leg approaching from Jeffco, including “dog-leg” around the Nevada restricted areas

10. Westward extension for dropping sondes over the ocean

11. Sierra Foothills cross-wind leg for dropping sondes

12. Wind statistics for March-April showing the cross-mountain winds at 700 and 200hPa.  This diagram might provide guidance for choosing flight days.

13. Two UTLS proposals for ferry flights
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B. Appendix: BAe146 Data Availability and Formats


Data format and availability Flight data from the BAe146 will be processed in the field to provide an initial 1Hz averaged dataset. This will be available in NetCDF format to be fully-compatible with NCAR utilities such as NCPLOT and AEROS. The data will normally be available within approximately 24hr of the completion of the flight. In addition, quick-look data for a limited set of parameters that are recorded on the central data recording system will be available immediately after the flight. The default list of parameters available in this format includes temperature, dew-point, GPS latitude and longitude, liquid and total condensate (Nevzorov probe), pressure altitude, aircraft heading and airspeed. However, additional parameters may be added to this list on request.


Each NetCDF file is accompanied by an ASCII file giving details of the parameters included, their frequency in the dataset and the flagging system that is used for quality control purposes. An example of one such file for the Core dataset (which contains data from the majority of standard centrally-recorded instruments) is given in Appendix B below. Data from the principal cloud physics probes (PCASP, FastFSSP, 2D-C and 2D-P) are contained in a separate NetCDF file. These data typically include total concentration, mass content within the probe size range, and individual concentrations within each size channel. It should be noted that this is not presently compatible with NCAR size spectrum utilities such as NCPP.

FAAM Core Data Files

DATA_ROOT:[NETCDF]core_faam_20051205_r0_B145.nc                                 

Contains the following measurements  

Time     , seconds since 2005-12-05 00:00:00 +0000                                 , 1Hz

time of measurement                                                             

PARA0515 , s              , 01Hz

Data time in seconds from midnight on day the flight starts - may exceed 86400. 

PARA0516 , m s-1          , 32Hz

Indicated air speed from the aircraft RVSM system.                              

PARA0517 , m s-1          , 32Hz

True air speed from the aircraft RVSM system and deiced temperature.            

PARA0520 , degK           , 32Hz

True air temperature from the Rosemount deiced temperature sensor.              

PARA0525 , degK           , 32Hz

True air temperature from the Rosemeount non-deiced temperature sensor.         

PARA0529 , degK           , 04Hz

Dew point from the General Eastern instrument.                                  

PARA0535 , gram kg-1      , 04Hz

Liquid water content from the Johnson Williams instrument.                      

PARA0537 , degK           , 04Hz

Uncorrected brightness temperature from the Heimann radiometer                  

PARA0560 , degree         , 32Hz

Roll from Honeywell H423 INU.                                                   

PARA0561 , degree         , 32Hz

Pitch from Honeywell H423 INU.                                                  

PARA0562 , degree         , 32Hz

Heading from Honeywell H423 INU.                                                

PARA0568 , cc-1           , 01Hz

Total condensation nucleus concentration from TSI 3025A.                        

PARA0572 , gram kg-1      , 64Hz

Total water content from the TWC instrument.                                    

PARA0575 , m              , 02Hz

Radar height from the aircraft radar altimeter.                                 

PARA0576 , hPa            , 32Hz

Static pressure from the aircraft RVSM system.                                  

PARA0577 , hPa            , 32Hz

Pitot static pressure from the aircraft RVSM system.                            

PARA0578 , m              , 32Hz

Pressure height from the aircraft RVSM system.                                  

PARA0579 , hPa            , 01Hz

Cabin pressure.                                                                 

PARA0580 , degree_north   , 01Hz

Latitude from the XR5 GPS system.                                               

PARA0581 , degree_east    , 01Hz

Longitude from the XR5 GPS system.                                              

PARA0582 , m              , 01Hz

Altitude from the XR5 GPS system.                                               

PARA0583 , m s-1          , 01Hz

Northwards velocity from the XR5 GPS system.                                    

PARA0584 , m s-1          , 01Hz

Eastwards velocity from the XR5 GPS system.                                     

PARA0585 , m s-1          , 01Hz

Upwards velocitiy from the XR5 GPS system.                                      

PARA0602 , gram m-3       , 08Hz

Uncorrected liquid water content from the Nevzorov probe.                       

PARA0605 , gram m-3       , 08Hz

Uncorrected total condensed water content from the Nevzorov probe.              

PARA0642 , degree         , 01Hz

Solar azimuth derived from aircraft position and time.                          

PARA0643 , degree         , 01Hz

Solar zenith derived from aircraft position and time.                           

PARA0660 , degC           , 01Hz

Cabin temperature at the core consoles.                                         

PARA0714 , m s-1          , 32Hz

Northward wind component                                                        

PARA0715 , m s-1          , 32Hz

Eastward wind component                                                         

PARA0716 , m s-1          , 32Hz

Vertical wind component                                                         

PARA0723 , degK           , 04Hz

Upwelling radiometric infrared brightness temperature.                          

PARA0730 , degree_north   , 01Hz

Corrected latitude derived from XR5 GPS and Honeywell INU data.                 

PARA0731 , degree_east    , 01Hz

Corrected longitude derived from XR5 GPS and Honeywell INU data.                

PARA0735 , m s-1          , 32Hz

Corrected velocity north derived from XR5 GPS and Honeywell INU data.           

PARA0736 , m s-1          , 32Hz

Corrected velocity east derived from XR5 GPS and Honeywell INU data.            

PARA1019 , W m-2          , 01Hz

Corrected downward short wave irradiance, clear dome.                           

PARA1020 , W m-2          , 01Hz

Corrected downward short wave irradiance, red dome.                             

PARA1021 , W m-2          , 01Hz

Corrected downward long wave irradiance.                                        

PARA1022 , W m-2          , 01Hz

Corrected upward short wave irradiance, clear dome.                             

PARA1023 , W m-2          , 01Hz

Corrected upward short wave irradiance, red dome.                               

PARA1024 , W m-2          , 01Hz

Corrected upward long wave irradiance.                                          

;FAAM data core_faam_yyyymmdd_rn_cnnn.nc                                        

;                                                                               

; where yyyymmdd is the flight start date, cnnn is the flight number and rn the 

; version number.                                                               

;                                                                               

;The NetCDF file comprises a header followed by the actual data.  The header    

;contains a list of the parameters in the dataset - their long names, short     

;names, units, and measurement frequency.  For each named parameter there is a  

;matching parameter with FLAG added to the parameter name which contains        

;details of the quality of each measurement.  The FLAG parameters take four     

;possible values:                                                               

;                                                                               

;0 - measurement believed to be good.                                           

;1 - warning, the measurement may be less accurate than normal. e.g. data range 

;    or rate of change may be exceeded.                                         

;2 - measurement believed to be incorrect.                                      

;3 - measurement is incorrect and bears no relationship to the true value - may 

;    be zeros, nines, or other error indicators.                                

;                                                                               

;The NetCDF file header also contains:                                          

;                                                                               

;1.      Flight number                                                          

;2.      Flight date                                                            

;3.      Data date - date datafile was created                                  

;4.      History - contains information about the data processing, not all of   

;        which may be relevant to the data in the final NetCDF file:            

;        a.      The dataset the NetCDF file was produced from                  

;        b.      Input and output files used by the calibration process         

;        c.      The versions of the software modules used by the calibration   

;                process                                                        

;        d.      Processor information                                          

;        e.      Constants used for calibration                                 

;        f.      Processing modules used for calibration                        

;        g.      Data start and end times                                       

;        h.      Raw input parameters to the calibration process                

;        i.      Calibrated output parameters to the calibration process        

;        j.      Summary of quality flags applied by the calibration process    

;        k.      Details of other data added to, or taken from, the original    

;                calibrated dataset.                                            

C. BAe146 Sample Sortie Briefs

1: Rotor flight

Project T-REX:

Rotor flight







Flight No: Bxxx




           Date: 16/03/06 – 09/04/06

Scientific Objectives: 

To measure the mountain waves and associated rotor motions that occur over the Sierra Nevada mountain range, USA. In particular we wish to examine the structure of the rotor recirculation that occurs above the Owens valley and relate its occurrence to the upwind conditions.

Location:

Over the Sierra Nevada and Inyo mountain ranges, and Owens Valley, CA.

Weather conditions: 

Stable westerly flow. Rotors in the Sierra Nevada region are usually associated with two distinctive tropospheric westerly airstreams: a lower one consisting of a cold and moist air mass and a drier upper airflow containing a tropospheric wind maximum. These two airstreams tend to be separated by a sharp inversion (order of 10 K in strong rotor conditions), the presence of which is important for rotor formation.

Flight Patterns:

The flights will consist of vertically stacked straight and level runs (SLRs), aligned approximately along wind and across the Sierra Nevada mountains. There are three possible orientations of these legs, each of which coincide with Independence (36.810N,118.20W) in the Owens Valley (point I in table). The choice of orientation will depend on the forecast wind direction close to the mountain ridge height (approx. 14,000 ft).

Points A, B, I and C lie along the SLRs. The positions of these points are described for the three possible orientations below and are illustrated in Figures 1,2 and 3.

Fresno Airfield (FAT) = (36.7N, 119.75W)

	Point
	Description
	Location

	
	
	Orientation 1:

WNW-W flow
	Orientation 2: 

W-WSW flow
	Orientation 3:

WSW-SW flow

	A
	Western most point of  SLRs 
	36.900N,119.70W
	36.325N,119.50W
	N/A

	B
	Western edge of mountain range
	36.870N,119.20W
	36.511N,119.00W
	36.200N,118.90W

	 I 
	Independence
	36.810N,118.20W
	36.810N,118.20W
	36.810N,118.20W

	C
	Eastern most point of SLRs
	36.786N,117.80W
	36.959N,117.80W
	37.071N,117.90W


The flight patterns will form part of a coordinated measurement strategy involving the NCAR Hiaper and University of Wyoming King Air aircraft. The Hiaper will fly along parallel (but extended) SLRs above FL300. The King Air will primarily fly below FL140.  

Dropsondes will be launched from the Hiaper during some flights. During such missions the flight tracks of each aircraft will be offset north or south by up to 10 nm due to safety considerations. This may result in adjustments to locations of points A, B and C.

Sortie Detail:

Orientations 1 and 2:

1. Take off from Fresno. Take off time to be determined through interaction with T-REX Ops. Centre at Bishop.

2. Climb and transit to point B, arriving at point B at FL150 (15 mins)

3. Perform SLR B→C at FL150 (35 mins)

4. Turn and climb to  FL200 (40 mins)

5. Perform SLR C→B at FL200 (1 h 0 mins)

6. Turn and climb to FL250 (1 h 5 mins)

7. Perform SLR B→C at FL250, launching four dropsondes along this track with approx. 30 second intervals between launches. The dropsondes should be launched so as to descend into the Owens Valley. Exact locations of first and last dropsonde launch will be determined prior to flight, based on forecast wind profile below FL250. (1 h 25 mins)

8. Turn and climb to FL280 (1 h 30 mins)

9. Perform SLR C→A at FL280. Release dropsonde at points C and A. Release at A subject to permission from FAA. (2 h 0 mins)

10. Turn and descend to FL150 (2 h 10 mins)

11. Perform SLR A→C at FL150 (2 h 40 mins)

12. Turn and climb to FL200 (2 h 45 mins)

13. Perform SLR C→B at FL200 (3 h 5 mins)

14. Turn and descend to FL150 (3 h 10 mins)

15. Perform SLR B→C at FL150 (3 h 30 mins)

16. Turn and climb to FL200 (3 h 35 mins)

17. Perform SLR C→B at FL200 (3 h 55 mins) 

18. Turn and climb to FL250 (4 h 0 mins)

19. Perform SLR B→C at FL250. Launch four dropsondes as in step 7. (4 h 20 mins)

20. Turn and climb to FL280 (4 h 25 mins)

21. Perform SLR C→B at FL280 (4 h 45 mins)

22. Return to Fresno (4h 55 mins)

Note: Dependent on the prevailing wind speed the timing of eastbound legs (e.g. B→C)  may be less than 20 mins, whereas westbound legs (e.g. C→B) may take longer than 20 mins.
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Figure 1: The locations of points A, B, C and I for orientation 1. Also shown is the position of Fresno Airport (FAT). The colour contours represent the terrain height (metres).
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Figure 2: As for Figure 1, but for orientation 2

Orientation 3:

1. Take off from Fresno. Take off time to be determined through interaction with T-REX Ops. Centre at Bishop.

2. Climb and transit to point B, arriving at point B at FL150 (25 mins)

3. Perform SLR B→C at FL150 (45 mins)

4. Turn and climb to  FL200 (50 mins)

5. Perform SLR C→B at FL200 (1 h 10 mins)

6. Turn and climb to FL250 (1 h 15 mins)

7. Perform SLR B→C at FL250, launching four dropsondes along this track with approx. 30 second intervals between launches. The dropsondes should be launched so as to descend into the Owens Valley. Exact locations of first and last dropsonde launch will be determined prior to flight, based on forecast wind profile below FL250. (1 h 35 mins)

8. Turn and climb to FL280 (1 h 40 mins)

9. Perform SLR C→B at FL280. Release dropsonde at points C and B. (2 h 0 mins)

10. Turn and descend to FL150 (2 h 10 mins)

11. Perform SLR B→C at FL150 (2 h 30 mins)

12. Turn and climb to FL200 (2 h 35 mins)

13. Perform SLR C→B at FL200 (2 h 55 mins)

14. Turn and descend to FL150 (3 h 0 mins)

15. Perform SLR B→C at FL150 (3 h 20 mins)

16. Turn and climb to FL200 (3 h 25 mins)

17. Perform SLR C→B at FL200 (3 h 45 mins) 

18. Turn and climb to FL250 (3 h 50 mins)

19. Perform SLR B→C at FL250. Launch four dropsondes as in step 7. (4 h 10 mins)

20. Turn and climb to FL280 (4 h 15 mins)

21. Perform SLR C→B at FL280 (4 h 35 mins)

22. Return to Fresno (5h 0 mins)
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Figure 3: As for Fig. 1, but for orientation 3.

2: Wave Cloud Flight

Project T-REX: 

Ice nucleation in Lee-Wave clouds

Scientific Aims:

The purpose of this sortie is to achieve detailed sampling of the regions of a cloud in which nucleation of ice particles is occurring. Lee-wave clouds formed by the flow of stably-stratified air over a mountain are chosen for this purpose, since the predictability of the flow means that it is relatively simple to determine the trajectories followed by the air parcels that are sampled. These air trajectories typically oscillate in the vertical with an amplitude typically of a few hundred metres and a horizontal wavelength of 10-20km.

The aim is to fly a number of legs parallel to the mean wind direction through the observed cloud. The vertical separation between these legs will be typically 1-2000ft with a view to flying around 6-8 different vertical levels in the cloud. Measurements made along each run can then be compared with predictions from an explicit numerical model of the droplet condensation and ice nucleation processes. The horizontal legs start or terminate in clear upwind of the cloud, so as to enable sampling of the aerosol particles that enter the cloud. 

Weather conditions

A stably-stratified flow over the Sierra Nevada or Inyo mountains. Moist air at mid-levels in the troposphere so as to form deep wave cloud systems in the temperature regime between about -10 and -30C. Infra-red satellite imagery may also be used to identify typical stationary edges of cirrus at colder temperatures aligned roughly perpendicular to the mean wind direction. Sampling in the leading edge of such cirrus bands is also desirable.

Key Measurements

Video – the default recording setup should be forward and rear. Flight manager or Flight Scientists should monitor rearward video when at temperatures lower than -40C and note in logs the presence or absence of contrails. In any circumstance where a contrail appears to be on the margin of forming, a brief decrease in the engine power setting should be requested and any change in the contrail appearance noted.

Cloud Physics 

· FFSSP, 2DC, 2DP, PCASP, SID-1 (and SID-2). Normal monitoring to ensure correct operation. Operator should note particular features of interest eg. high concentrations, appearance of pristine ice crystal habits. If SID-2 computer suffers from regular crashes, then it may be operated so that data logging is only switched on during flight legs.

· CCN - alleviator should be filled whilst in clear air either below, between or upwind of the cloud layer(s) of interest. 1 sample per run, if possible.

· J-W LWC and Nevzorov LWC/TWC. Where run is only partially in cloud and starts in clear, these should be zeroed/calibrated and logged by Flight Manager.

· TWC – initial profile should avoid cloud, if possible, to achieve good calibration.

FWVS – Switch off the lamp when frost point rises above -15C. Calibration should be performed following altitude changes.

The Ice Nucleus counter (INC) will normally be operated under fixed conditions of temperature and supersaturation so as to maintain it in a stable condition. It may be necessary to allow additional time in between runs on the upwind side of the cloud to allow the operator sufficient time to adjust it to a different set of conditions.

Sortie Brief: Ice Nucleation in Lee-Wave Clouds

Flight No: Bxxx




           Date: 16/03/06 – 09/04/06

Sortie Aims:  To observe the nucleation and early growth stages of ice particles in lee-wave clouds. 

Sortie Location: Within a lee-wave cloud system over the Sierra Nevada or Inyo mountains.

Sortie Summary: Perform a series of runs along the mean wind direction through a lee-wave cloud system. The runs will commence in clear air upwind of the cloud and terminate in clear air downwind or after a minimum distance of 20km. Profile descents or dropsonde launches may be located upwind of the mountain region of interest. The aircraft may loiter or fly a short acrosswind leg upwind of the target cloud, for the purpose of sampling aerosol entering the cloud.

Sortie Detail:

T+0 Take off and climb to FL240 for transit to pre-defined operating area. The initial aiming point, A, will be a point upwind of the mountain region where a dropsonde can be launched (50 min).

T+50 Launch one sonde (5 min).

T+60 Perform a series of straight and level runs parallel to the mean wind direction so as to penetrate the wave cloud. Each leg will typically be a maximum of 5 min duration and the cloud will be penetrated a minimum of 6 times. These penetrations may either be at the same or differing altitudes (45 mins). In some cases, legs may be extended in the alongwind directions so as to penetrate further clouds forming in a train of wave crests.

T+105 Transit to point A, and launch a sonde (10 min).

T+115 Fly a straight and level acrosswind leg of 5 min upwind of the cloud (10 min).

T+125 Repeat c) to e) (65 min)

T+190 If time permits, repeat c) to e) (65 min)

T+255 Return transit (50 min)

T+305Land.

3: Cold Pool Flight

Project T-REX:

Cold Pool Flights







Flight No: Bxxx




           Date: 16/03/06 – 09/04/06

Scientific Objectives: 

To measure the effect of mountain waves and associated rotor motions that occur over the Sierra Nevada mountain range, USA. The measurements which contribute towards our knowledge of rotor dynamics and their effect on the boundary layer.  It will involve in-situ measurements of the velocity and temperature fluctuations in the mountain wave fields and, where possible (safety considerations permitting), beneath the waves in the rotors themselves (i.e. below the mountain crest and in the Owens Valley). Dropsondes will be used to determine the vertical structure of the rotors and for measurements of the conditions up and downwind of the mountains.

Location:

Over the Sierra Nevada and Inyo mountain ranges, and Owens Valley, CA.

Fresno airfield = (36.7N, 119.75W)

Point A = near Fresno, upwind of Independence (around 36.7N, 119.75W)

Point B = near summit of Mt. Whitney (14,495 ft), upwind of Independence (around 118.4W)

Point C = Independence (36.7N, 118.25W)

Point D = Inyo ridge (orientated NNW-SSE) summit, downwind of Independence (around 118W)

Point E = Death Valley (orientated NW-SE), downwind of Independence (around 117.25W)

Point F = Big Pine (37.25N, 118.3W)

Point G = Western edge of Owens Lake (36.45N, 117.9W)

See figures on following pages for location of points A-G

Weather conditions: 

Stable westerly flow. Cold pool formation in the Sierra Nevada region are usually associated with two distinctive tropospheric westerly airstreams: a lower one consisting of a cold and moist air mass and a drier upper airflow containing a wind maximum. These two airstreams tend to be separated by a sharp inversion (order of 10 K in strong rotor conditions), the presence of which is important for rotor formation which is implicated in the erosion of the underlying cold pool

1. Westerly wind above Owens Valley as predicted by 12 hour high resolution COAMPS forecasts 

2. Close to flight time: radiosonde profile showing westerly wind above Owens Valley and cold pool in valley. 

3. Close to flight time: surface observation (using T-REX mesonet) of cold pool in Owens Valley.

Flight Pattern:

1. Take off Fresno (time determined through coordination with T-REX Ops. Centre)

2. Stacked profile ascent (“zig-zag” centred above Fresno) from FL50 to FL200 (20 mins) at 1000 ft/min

3. Descend to FL200 transit to southerly point (Point G), arriving at point G at MPA (40 mins)

4. Perform SLR up the valley to Point F at MPA (25 mins) 

5. Turn and ascend to FL80 and perform SLR F → G (25 mins)

6. Turn and ascend to FL105 and perform SLR G → F (25 mins)

7. Turn and ascend to FL140 and perform SLR F → G (25 mins), dropping 4 equally spaced sondes

8. Turn and descend to FL105 perform SLR F → G (25 mins)

9. Turn and descend to FL80 perform SLR G → F (25 mins)

10. Turn and descend to MPA perform SLR F → G (25 mins)

11. Profile ascent to FL300 (30 mins) at 1000 ft/min in direction of Fresno

12. Return to Fresno (20 mins) 

Notes:

SLR=Straight and level run.

Flight levels for the in valley runs to be determined with knowledge of local conditions.and flight safety considerations, valley floor mean altitude ~4000 ft.

MPA=Minimum permissible altitude, any obstructions at lowest level to be flown around NOT over wherever possible.

Dropsonde capability required with cut-out timers fitted to dropsondes (~ 20 min)

4: Chemistry Flight (RAPTOR)

Project T-REX:

RAPTOR Flight

Flight No: Bxxx




       Date: 13/03/06 – 13/04/06

Scientific Objectives: 

To measure the effect of mountain waves and associated rotor motions that occur over the Sierra Nevada mountain range, USA. In particular we will to investigate the effect of this motion on mixing between boundary layer and the free troposphere, in this region the central valley will entrainment significant pollution into the free troposphere prior to its passage over the mountains.  Also of interest is the effect of thermal pumping generated through the wave motion this clearly will affect the kinetics of the chemistry occurring in this region of the atmosphere.  

Much of this sortie type is common with the T-REX Cold Pool sortie

Location: Over the Sierra Nevada and Inyo mountain ranges, and Owens Valley, CA.

Fresno airfield = (36.7N, 119.75W)

Point A = near Fresno, upwind of Independence (around 36.7N, 119.75W)

Point B = near summit of Mt. Whitney (14,495 ft), upwind of Independence (around 118.4W)

Point C = Independence (36.7N, 118.25W)

Point D = Inyo ridge (orientated NNW-SSE) summit, downwind of Independence (around 118W)

Point E = Death Valley (orientated NW-SE), downwind of Independence (around 117.25W)

Point F = Big Pine (37.25N, 118.3W)

Point G = Western edge of Owens Lake (36.45N, 117.9W)

See figures on following pages for location of points A-G

Weather conditions: 

Stable westerly flow. Rotors in the Sierra Nevada region are usually associated with two distinctive tropospheric westerly airstreams: a lower one consisting of a cold and moist air mass and a drier upper airflow containing a tropospheric wind maximum. These two airstreams tend to be separated by a sharp inversion which is important for rotor formation.  There is expected to be a strong gradient between these regions, the mixing across these is a key focus of RAPTOR

Flight Pattern (assuming airfield base is Fresno):

1. Take off Fresno (time determined through coordination with T-REX Ops. Centre)  (BOTTLES)

2. Profile ascent to FL250 @ 1000ft/min to determine boundary layer/free tropospheric pollution distribution (25 mins)
3. Transit to southerly point (Point G), arriving at point G at MPA (40 mins).
4. Perform SLR up the valley to Point F at MPA (15 mins).
5. Turn and ascend to FL80 and perform SLR F`````````````````````````````` → G (15 mins).
6. Turn and ascend to FL140 and perform SLR G → F (15 mins).
7. Turn and ascend to FL180 and perform SLR F → G (15 mins).
8. Turn and ascend to FL250 and perform SLR G → F (15 mins).
9. Turn and descend to FL180 perform SLR F → G (15 mins).
10. Turn and descend to FL140 perform SLR G → F (15 mins).
11. Turn and descend to FL80 perform SLR F → G (15 mins).
12. Turn and descend to MPA perform SLR G → F (15 mins).
13. Return to Fresno (40 mins) .
Notes:

Bottles to be filled at same horizontal point on each run e.g. 2, 7 & 12 mins.

SLR=Straight and level run.

Flight levels for the along-valley runs to be determined with knowledge of local conditions and flight safety considerations. Valley floor mean altitude ~4000 ft.

MPA=Minimum permissible altitude, any obstructions at lowest level to be flown around NOT over wherever possible.

Approximate flight path. Note the location of points A, B, D and E depend on the wind direction near Fresno at FL140.
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Close-up view of approximate flight path.
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5: Dust Flight

Project T-REX:

Dust flight

Flight No: Bxxx




       Date: 13/03/06 – 13/04/06

Scientific Objectives: 

To observe the dissipation, stratification and loading of dusts originating from Owens Lake. Determine the physio-chemical properties of said dust

Location: Over the Sierra Nevada and Inyo mountain ranges, and Owens Valley, CA.
Point A = near Fresno, upwind of Independence (around 36.7(N, 119.75(W)

Point B = near summit of Mt. Whitney (14,495 ft), upwind of Independence (around 118.4(W)

Point C = Independence (36.7(N, 118.25(W)

Point D = Inyo ridge (orientated NNW-SSE) summit, downwind of Independence (around 118(W)

Point E = Death Valley (orientated NW-SE), downwind of Independence (around 117.25(W)

Point F = Big Pine (37.25(N, 118.3(W)

Point G = Western edge of Owens Lake (36.45(N, 117.9(W)

Point H = Northern end of Central valley transect (37.28ºN, 119.88ºW)

Point I = Southern end of Central valley transect (36.21ºN, 119.09ºW)

See figures on following page for location of points A-G

Weather conditions: 

Stable flow over the mountain range. No preferred direction. Clear air at all levels required for aerosol sampling.

Sortie Summary: 

Perform a series (vertically stacked) of runs parallel to the Sierra Nevada mountain range both on the west and east side. The runs will commence in clear air upwind and terminate in clear air after a minimum elapsed time of 16 mins.

Flight Pattern (assuming airfield base is Fresno):  
1. Take off Fresno airfield = (36.7(N, 119.75(W)

2. Transit to point H (Alt. = crew’s discretion)

3. Turn and descend to 500 ft (or MPA) and perform SLR to point I (16 mins)

4. Perform series of stacked runs between points H & I and 4 altitudes as follows….

5. Turn and ascend to 2000 ft and perform SLR to point H (16 mins)

6. Turn and ascend to 5000 ft and perform SLR to point I (16 mins)

7. Turn and ascend to 8000 ft and perform SLR to point H (16 mins)

8. Turn and ascend to 12000 ft and perform SLR to point I (16 mins)

9. Turn and ascend to FL200 and transit to point G in the Owens Valley (30 mins)

10. Turn and descend to 500 ft (or MPA) and perform SLR point F (16 mins) 

11. Perform series of stacked runs between points G & F and 4 altitudes as follows….

12. Turn and ascend to 2000 ft and perform SLR to point G (16 mins)

13. Turn and ascend to 5000 ft and perform SLR to point F (16 mins)

14. Turn and ascend to 8000 ft and perform SLR to point G (16 mins)

15. Turn and ascend to 12000 ft and perform SLR to point F (16 mins)

16. Turn and ascend to 20000 ft and perform SLR to point G (16 mins)

17. Turn and perform SLR to point I (20 mins)

18. Turn and perform SLR to point H (16 mins)

19. Turn and perform SLR to point F (20 mins)

20. Return to Fresno (40 mins) .

NB Times to be calculated, only shown as approx, altitudes need to be corrected for height ABOVE surface AND need to describe the BOX in the valley currently it’s a series of stacked SLR which isn’t exactly what you want.
Notes:

SLR=Straight and level run.

Flight levels for the in valley runs to be determined with knowledge of local conditions.and flight safety considerations, valley floor mean altitude ~4000 ft.

MPA=Minimum permissible altitude, any obstructions at lowest level to be flown around NOT over wherever possible.T-REX experiment: Owens Lake Dust Dissipation and Dispersal
Scientific Aims:

The purpose of this sortie is to achieve detailed characterization of the spatial distribution of Owens Lake dust and to validate the volatility technique by the comparison of physio-chemical properties derived with the VACC to those derived with filter analysis. Owens Lake is one of the largest sources of aerosol in the continental US. The composition of the aerosol from this source is rich in salts not associated with anthropogenic emissions and have been found not only on the top of the Mountain ranges but also in neighboring valleys. The unique signature makes tracing the dispersal of this aerosol relatively simple.

The aim is to fly a stack of straight and level runs on the west side of the Sierra Nevada; each run is a minimum of 20 min in length. The vertical separation would be of the order 3000 ft, the aim being to fly 3-4 different heights with the last being at minimum safe height for transit to the east side of the range where the pattern would be repeated. Profiles from the transit height to the 30ft on each side would also be required as would a stacked box pattern with 10 min legs. The aim would be to fly 1-2 such box sections with a vertical separation of 3000 ft starting at the transit height. 

Weather conditions:

A stably-stratified flow over the Sierra Nevada, Inyo Mountains or coastal ranges of California. A particularly favourable situation is when this follows a period of rotor activity or high winds in the Owens Valley. The precursor event increases the dust loading, improving sampling efficiency.

Infra-red satellite imagery may also be used to identify cloud free regions.

Key measurements and instrument operations
Cloud Physics 

· FFSSP, 2DC, 2DP, PCASP, SID-1 (and SID-2). Normal monitoring to ensure correct operation. Operator should note particular features of interest eg. high concentrations, appearance of pristine ice crystal habits. If SID-2 computer suffers from regular crashes, then it may be operated so that data logging is only switched on during flight legs.

· ADA/CPI – as above

· CCN - alleviator should be filled whilst in clear air either below, between or upwind of the cloud layer(s) of interest. 1 sample per run, if possible.
· J-W LWC and Nevzorov LWC/TWC. Where run is only partially in cloud and starts in clear, these should be zeroed/calibrated and logged by Flight Manager.

· TWC – initial profile should avoid cloud, if possible, to achieve good calibration.

· The Ice Nucleus counter (INC) will normally be operated under fixed conditions of temperature and supersaturation so as to maintain it in a stable condition. It may be necessary to allow additional time in between runs on the upwind side of the cloud to allow the operator sufficient time to adjust it to a different set of conditions.

FWVS – Switch off the lamp when frost point rises above -15C. Calibration should be performed following altitude changes.
Johnson-Williams LWC and Nevzorov LWC/TWC. If possible, these should be zeroed whilst in clear air approaching the cloud on a downwind leg.

Approximate flight path. Note the location of points A, B, D and E depend on the wind direction near Fresno at FL140.

[image: image29.png]



Close-up view of approximate flight path.

Precise Box in Owens Valley not shown here
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L Lidar Operation Plan for TREX

- 1. Background. From approximately 1 March to
31 April 2006, the Aerosol and Lidar Section
z (Code 7228) at the Naval Research Laboratory
plans to operate an eye-safe lidar (see photo),
near Independence, CA (see map). The lidar will
provide data on aerosol structures, winds, and
cloud heights. Lidar will be operated by William
Hooper, Glen Frick and Pat Michael. The lidar is
located in a shipping container that is placed on a
flatbed trailer and has a generator to power the
system.
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automatically transfer that data from the lidar computers to other ofE-site facilities
3. Schedule. The lidar will be operated in two schedule modes: normal and intensive.

N During
normal operations, the lidar will operated for 8 hours a day and operations will mainly be
made
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D. BAe146 Personnel

	T-REX - Met Office (Exeter) & Leeds Uni Crew List
	
	

	
	
	
	
	

	Name
	Role
	Location
	Dates
	Weeks

	
	
	
	
	

	1. Simon Vosper
	Mission/Aircraft Scientist
	Met Office/Exeter
	12 Mar - 25 Mar
	1,2

	2. Dave Kindred
	Mission/Aircraft Scientist
	Met Office/Exeter
	12 Mar - 10 Apr
	1,2,3,4

	3. Phil Brown
	Mission/Aircraft Scientist
	Met Office/Exeter
	19 Mar - 01 Apr
	2,3

	4. Peter Sheridan
	Mission/Aircraft Scientist
	Met Office/Exeter
	25 Mar - 10 Apr
	3,4

	5. Jim McQuaid
	Mission/Aircraft Scientist &
	Univ of Leeds
	13 Mar - 11 Apr
	1,2,3,4

	
	Leeds Uni Instrument operator
	
	
	

	6. Barbara Brooks
	VACC operator (Leeds instrument)
	Univ of Leeds
	13 Mar - 26 Mar
	1,2

	7. Richard Cotton
	INC/CCN operator
	Met Office/Exeter
	13 Mar - 10 Apr
	1,2,3,4

	8. Stuart Newman
	ARIES
	Met Office/Exeter
	13 Mar - 29 Mar
	1,2 (+)

	9. Stuart Rogers
	ARIES
	Met Office/Exeter
	25 Mar - 10 Apr
	3,4

	10. Chawn Harlow
	MARSS/DEIMOS
	Met Office/Exeter
	14 Mar - 28 Mar
	1,2 (+)

	11. Dave Pollard
	MARSS/DEIMOS
	Met Office/Exeter
	25 Mar - 10 Apr
	3,4

	
	
	
	
	

	T-REX - FAAM (Met Office & NERC) Crew List
	
	

	
	
	
	
	

	1. Bob Wells
	Detachment Manager
	NERC/FAAM
	08 Mar - 31 Mar
	(+) 1,2 (+)

	2. Steve Devereau
	Detachment Manager
	Met Office/FAAM
	29 Mar - 11 Apr
	3,4

	3. Alan Woolley 
	Campaign Specialist/Core Chem
	NERC/FAAM
	13 Mar - 11 Apr
	1,2,3,4

	4. Jim Crawford
	Flight Manager/Cloud Physics
	Met Office/FAAM
	13 Mar - 11 Apr
	1,2,3,4

	5. Stuart Heath 
	AVAPS
	Met Office/FAAM
	13 Mar - 11 Apr
	1,2,3,4

	6. Jamie Trembath
	Cloud Physics
	NERC/FAAM
	13 Mar - 11 Apr
	1,2,3,4

	7. Ruth Purvis
	Flight Manager
	NERC/FAAM
	13 Mar - 11 Apr
	1,2,3,4

	
	
	
	
	

	T-REX - Direct Flight  & Avalon Crew List
	
	
	

	
	
	
	
	

	1. Alan Roberts
	Pilot
	Direct Flight
	13 Mar - 26 Mar
	1,2

	2. Ian Ramsay-Rae 
	Pilot
	Direct Flight
	13 Mar - 26 Mar
	1,2

	3. Alan Foster
	Pilot
	Direct Flight
	23 Mar - 11 Apr
	(+) 3,4

	4. Steve Ball 
	Pilot
	FAAM
	24 Mar - 11 Apr
	(+) 3,4

	
	
	
	
	

	5. Roger Hargreaves
	Ops support
	Direct Flight 
	08 Mar - 18 Mar
	(+) 1

	6. Peter Chappell
	Ops support
	Direct Flight 
	13 Mar - 10 Apr
	1,2,3,4

	7. Gordon Poulter
	Ops support
	Direct Flight 
	18 Mar - 11 Apr
	(+) 2,3,4

	
	
	
	
	

	8. Gaynor Ottaway
	CCM
	Direct Flight
	13 Mar - 26 Mar
	1,2

	9. Dawn Quinn
	CCM
	Direct Flight
	23 Mar - 11 Apr
	(+) 3,4

	
	
	
	
	

	10. Martin Darling
	Engineering (Supervisor)
	Avalon
	13 Mar - 11 Apr
	1,2,3,4

	11. John Kitchen
	Engineering 
	Avalon
	08 Mar - 11 Apr
	(+) 1,2,3,4

	12. Mark Lancashire
	Engineering
	Avalon
	13 Mar - 11 Apr
	1,2,3,4

	
	
	
	
	

	
	
	
	
	


E. Appendix: University of Leeds Staffing Schedule

See spreadsheet below. Notes:

Staff

Barbara – Barbara Brooks

Ian – Ian Brooks

Esther – Esther Burton

Ralph – Ralph Burton

James- James Groves

Matt – Matt Hobby

Jennifer – Jennifer Hutton

Jim – Jim McQuaid

Stephen – Stephen Mobbs

Flea – Felicity Perry

Tor – Vicoria Smith

Rosey

Locations

Bish – Bishop

Fres - Fresno


F. University of Leeds Safety Procedures

WHILE ON THE GROUNDS OF WHITE MOUNTAINS RESEARCH STATION DURING STANDARD WORKING HOURS THE HEALTH AND SAFETY POLICY OF THIS ESTABLISHMENT TAKES PRECEDENT.

Only those appearing on the UOL T-REX Participants Contact Details list can undertake any of the activities covered by the Risk Assessment forms (i.e. Deployment and maintenance of AWSs/flux towers or Release of Radiosondes.) Personnel not employed by UoL may take part in the afore mentioned activities if and only if their full contact details are supplied, they are made aware of and agree to the UoL risk assessment and safety procedures, and written clearance is been gained from Stephen Mobbs.

· Lone Working. NOT ALLOWED UNDER ANY CIRCUMSTANCES.

· Visiting remote sites.

Minimum of two people in a party.

One member of the party must be a named first aider from the UOL recognised pool of first aiders.

Mobile phone must be carried by at least one member of party.

· In case of minor accident/incident.

Seek attention from a named first aider.

Log incident in UOL (local) accident/incident book.

Log incident in UOL (Leeds) accident/incident book.

· In case of major accident/injury.

Seek attention from the nearest first aider.

Follow their direction.

Log incident in UOL (local) accident/incident book.

Log incident in UOL (Leeds) accident/incident book.

· Visitors.

People not on the recognised list of UOL CSIP participants are considered as visitors.

As such there safety is the responsibility of the individual they are visiting and all the above procedure apply.

· Driving.

All vehicles are hired. You can only drive those you are registered to.

TIREDNESS CAN KILL

While driving if you are tired then you must stop. Always be prepared to stop overnight but inform TREX UoL,OPS of the situation. Take a break every 2hours

In case of accident or breakdown inform TREX OPS. A copy of all relevant vehicle documentation (registration, insurance) will be in an obvious place in the vehicle. 

G. Appendix: U Leeds RISK ASSESMENTS – SONDES & AWS
UNIVERSITY OF LEEDS
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FIELDWORK/FIELD COURSE RISK ASSESSMENT FORM

	Please use black ink. Attach separate sheets of paper if necessary.
	ASSESSMENT No
	


Person(s)/Group(s): TREX GROUP (Those and only those persons whose details appear in the attached UOL recognised participants list.)

Location: Independence Airport, Independence, California. USA 

Dates: 01/03/06 to 01/06/06

Detailed description of intended activities: Release of weather balloons with a RS92 or RS80 sonde. 

Arrangements for supervision (Staff/Student Ratios and maximum & minimum party sizes): Minimum number of two people, maximum of four. Lone working not aloud. Staff member or postdoc must always be in attendance.

PROTECTIVE CLOTHING REQUIRED
2  Tick relevant box(es)

	x Warm clothing
	X Gloves
	1 Ear defenders
	x Walking boots

	x Weather proof clothing
	x Safety specs
	1 Face mask
	1 Rubber boots

	1 Water proof clothing
	1 Goggles
	1 Hard Hat
	x Steel toe capped footwear

	1 High visibility clothing
	1 Visor
	1 Life Jacket
	1 Waders


OTHER PROTECTIVE CLOTHING

RESTRICTIONS
2  Tick relevant box(es)

	X 
Work can be carried out anytime
	1 Work not to be left unattended

	1 Work during daylight hours only
	1 Lone working allowed

	1 Work must not be done at night
	x Work must not to be done alone


OTHER RESTRICTIONS

Is special training required
YES

If YES, give details: Any person wishing to release sondes must have attended an introductory course covering sonde release and cylinder management. 

First Aid arrangements (First aider and/or first aid kit): One member of the party must be a recognised first aider. First aid kit must be carried. A mobile phone must be carried by one or more members of the party..

Has a reporting procedure been set up (see the Code of Conduct & Safety for Research Field Courses)
YES

7 RISK ASSESSMENT GRID

	Hazard
	
	Risk
	
	Control Measures To Minimise Risk

	
	High
	Med
	Low
	

	Physical Hazard

Handling of cylinders
	
	
	y


	Only those with cylinder experience can handle a cylinder or change a regulator. Gloves should always be worn as should safety glasses and steel toe capped footwear.

Regular checks on cylinder working pressure will indicate leaks.

	Biological Hazards

none
	
	
	
	

	Chemical Hazards

 He inhalation
	
	
	y
	Only use gas in a well ventilated area.

	Man Made Hazards

Driving


	
	y
	
	Deployment at remote site requires driving. Procedures concerning driving detailed in the supplementary UOL CSIP Safety Procedures must be followed.


CONVENOR'S/SUPERVISOR’S Conclusions/Comments About Risks

This section must be filled in by the CONVENOR/supervisor

Declaration

The  information on both sides of this form is to the best of my knowledge an accurate statement of the known foreseeable hazards and of the precautions which are to be taken. It has been discussed with and shown to all the participants.

Convenor's/Supervisor's Signature

Date


UOL T-REX COSHH FORM 

8 SCHOOL OF THE ENVIRONMENT

9 UNIVERSITY OF LEEDS

SPECIFIC ASSESSMENT OF PROPOSED EXPERIMENT

	Section: Atmospheric Dynamics – TREX Project

Location: Independence Airport, Independence, Owens Valley, California, USA.

	Personnel involved: (inc. Status)

TREX GROUP (Those and only those persons whose details appear in the attached UOL recognised participants list.)

	Title of Experiment/procedure:

Atmospheric profiling using helium weather balloons.


	Chemical substances
	Hazard
	Safety Precautions

	NONE


	NONE
	N/A

	Information Sources:   N/A

	Are less hazardous substances available?   No

	If so, why not use them?   N/A

	Disposal procedures during and at end of experiment:

	N/A 

	Special emergency/spillage/first aid procedures:

	In all cases of accidents or if feeling unwell, seek medical attention immediately.

	Compressed Gases 
	Hazard
	Safety Precautions

	Helium 


	Non-flammable compressed gas. Asphyxiant in high concentrations


	Wear safety glasses when gas in use. Do not breathe gas.

	For all gases: When moving or positioning cylinders wear safety glasses, suitable protective gloves and steel toe protected footwear.

	Information sources: Air Products Special gases Division Safety Recommendations

	Are less hazardous substances available?  No

	If so, why not use them?  N/A

	Control measures/Checks/Monitoring required:

	Regular inspection of all gas tight fittings and regulators. 

Daily check of regulator outlet pressure.

	Disposal procedures during and at end of experiment:

	All gases listed above may be vented to the atmosphere.

	Special emergency/spillage/first aid procedures:

	 In case of gas escape, isolate cylinder and ventilate area.

 In event of excess inhalation seek medical attention immediately.

	Other hazards:

	Electrical :  Live voltages exposed inside instrument

Manual handling of cylinder : Large heavy cylinder, awkward to move.

Cylinder storage : Compressed gas cylinders must be stored and used in an appropriate manner.

	Safety precautions:

	Electrical: Instrument to be operated by trained personnel only. 

                  Operators must have knowledge of the location of exposed electrical connections.

                  All exposed live voltages to be covered by perspex plate.

                  Instrument only to be operated when lid is in place.

                  Ensure instrument is earthed at all times whilst on the ground.

Manual handling of cylinder : Cylinders only to be moved and operated by trained personnel.

                                                   Steel capped shoes must be worn.

                                                   Appropriate cylinder trolleys must be used at all times ,

Cylinder storage : Cylinders must be used and stored in the upright position whenever possible. If an upright cylinder cannot be secured to any support then it should be stored and used in the horizontal position.

	Emergency/first aid procedures:

	Electrical: Turn off the electrical supply.

                  Remove casualty from contact with the electrical source using non-conductive materials.

                  Do not touch the casualty with bare hands unless sure there is no risk to yourself.

                  Seek medical attention immediately.

Manual handling of cylinder: If and only if the cylinder is un-breached or, in danger of breaching, should it be moved. 

                                                   Remove casualty from danger zone if.

                                                   Seek medical attention immediately.

	Name of Assessor: 

Status: 

Signature:

Date:
	Countersigned by: 

Status: 

Signature:

Date:

	
	


UOL T-REX RISK ASSESSMENT: AWS

UNIVERSITY OF LEEDS
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FIELDWORK/FIELD COURSE RISK ASSESSMENT FORM

	Please use black ink. Attach separate sheets of paper if necessary.
	ASSESSMENT No
	


Person(s)/Group(s): TREX GROUP (Those and only those persons whose details appear in the attached UOL recognised participants list.)

Location: In and around the environs of Independence, California. USA 

Dates: 01/09/05 to 01/09/06

Detailed description of intended activities: The deployment and maintenance of a matrix of automatic weather stations. 

Arrangements for supervision (Staff/Student Ratios and maximum & minimum party sizes):Lone working is NOT allowed under any circumstance. Maximum party size of two. Undergraduate and postgraduate students MUST always be accompanied by a member of staff or postdoc.

PROTECTIVE CLOTHING REQUIRED
2  Tick relevant box(es)

	x Warm clothing
	1 Gloves
	1 Ear defenders
	x Walking boots

	x Weather proof clothing
	1 Safety specs
	1 Face mask
	1 Rubber boots

	1 Water proof clothing
	1 Goggles
	1 Hard Hat
	1 Steel toe capped footwear

	1 High visibility clothing
	1 Visor
	1 Life Jacket
	1 Waders


OTHER PROTECTIVE CLOTHING

RESTRICTIONS
2  Tick relevant box(es)

	1 
Work can be carried out anytime
	1 Work not to be left unattended

	x Work during daylight hours only
	 Lone working allowed

	x Work must not be done at night
	1 Work must not to be done alone


OTHER RESTRICTIONS

See attached procedures.

Is special training required
NO

If YES, give details

First Aid arrangements (First aider and/or first aid kit): One member of the party must be a recognised first aider. First aid kit must be carried. One or more mobile phones must be carried..

Has a reporting procedure been set up (see the Code of Conduct & Safety for Research Field Courses.)
YES

10 RISK ASSESSMENT GRID

	Hazard
	
	Risk
	
	Control Measures To Minimise Risk

	
	High
	Med
	Low
	

	Physical Hazards

Carrying of heavy weights
	
	
	y
	Individuals made aware of and apply manual handling and lifting procedures. Climbing of masts is prohibited.

	Biological Hazards

none
	
	
	
	

	Chemical Hazards

Acid from battery
	
	
	y
	Keep battery upright at all times. Keep away from heat sources. Do not open cells.

Do not use leaky cells.

Batteries must be disposed of in accordance with University policy.



	Man Made Hazards

Trip
	
	y
	
	Guys, anchors and edges of all support structures must be marked with high visibility tape.


CONVENOR'S/SUPERVISOR’S Conclusions/Comments About Risks

This section must be filled in by the CONVENOR/supervisor

.

Declaration

The  information on both sides of this form is to the best of my knowledge an accurate statement of the known foreseeable hazards and of the precautions which are to be taken. It has been discussed with and shown to all the participants.

Convenor's/Supervisor's Signature



Date


H. Appendix: U Lees Recognized First Aiders

James Groves (4 day course)

Jim McQuaid (4 day course)

Barbara Brooks (4 day course)

Matt Hobby (4 day course)

Ian Brooks (4 day course)

Ralph Burton (1 day course)

Stephen Mobbs (1.day course)

Time Series U (m s-1) & 





a





b





      U (m s-1) and (K)





c





I








H





Lidar





Flux Tower





Sodar/RASS
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T-REX Daily Timeline for Operations





 Time  8	    9   10   11   12   13   14	   15   16   17  T0-2  T0-1   T0      T0+Δt        T0+n   (PST)

7 days/week unless down day

Forecast Preparation

Daily Planning Meeting

Mission Plan (tomorrow)

Final aircraft Go/No go decision (fuel aircraft)

1st Aircraft take-off

2nd, 3rd Aircraft takeoff

Aircraft return to HomeBase

Debriefing

Status update 

Preflight Briefing(s)
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