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EXECUTIVE SUMMARY

The Eastern New Mexico Precipitation Enhancement Program (PEP) Proposal is presented in two parts:  Part 1, Summer Season for Rainfall Enhancement and Part 2, Experimental Winter Seeding for Snow Enhancement.  The summer and winter components are presented separately, but are combined in the projected budget.  In addition, a separate weather modification research component, which may be jointly funded by the U.S. Bureau of Reclamation, New Mexico, Oklahoma, and Texas is included as an individual budget element, see figure below.  The remainder of this Executive Summary discusses Part 1 of the PEP Proposal.  
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The goal of the PEP is to assess and realize the potential for cloud seeding to enhance precipitation as a long-term water management tool for New Mexico.  The program will initially utilize glaciogenic-seeding techniques in combination with state of the art cloud seeding technology, evaluation procedures, and the testing of new concepts such as hygroscopic seeding.  All of New Mexico could benefit from increased precipitation.  The ultimate goal of this effort is to increase the rainfall and runoff in the Pecos River Basin for the benefit of New Mexico agricultural, ranching, urban interests, and to assist the State in meeting its court mandated Pecos River Water Compact obligation to Texas.

The primary focus of the proposed program is on the southeastern portion of New Mexico where there exists both great water need and clouds suitable for seeding.  During the past five years, a demonstration rain enhancement program has contracted for cloud seeding services with the High Plains Underground Water District (HPUWD) in Texas. The HPUWD has decided to no longer contract with New Mexico for weather enhancement operations because they wish to reduce the target area to increase effective management of their program.

The proposal encompasses a five-year (calendar) schedule that supports an incremental transition from the previous program.  Year 2002, presents a Summer Seeding Program that includes previous target areas in Lea and Roosevelt Counties and portions of the Pecos River Watershed in Chaves and Eddy Counties for a total of about 5.6 million acres.  Target areas are primarily constrained by currently available radar coverage.  For this first year, contractual services with the Sandy Land Underground Water District (SLUWD) in Texas for aircraft and radar support will provide the basis for weather enhancement operations during the 2002-growing season.  NM will contribute aircraft and the associated requirements to the project and SLUWD will contribute the project radar and one aircraft with associated requirements.  The ISC will employee a meteorologist to train with SLUWD in order to prepare for the following years of the program. 

The program expands in calendar year 2003 with the purchase of radar equipment and the beginning of full autonomy of the program.  The target acres will remain basically the same.  In the following three years, one aircraft will be added annually and the target expanded about 2.5 million acres annually.  The final target area for summer seeding will include DeBaca, Roosevelt, Chaves, Lea, Eddy, and portions of Lincoln counties.

The initial year’s summer seeding operations will center on glaciogenic seeding of summertime convective clouds.  Hygroscopic seeding, a promising new technique, will be tested in future years.  Ultimately, the technical and operational direction of the program in New Mexico will depend on the evaluation of seeding results in Eastern New Mexico.  The proposal builds on the previous cloud seeding demonstration program and on prior experience in Texas, where ten seeding projects are currently in operation.  Dr. William Woodley and Dr. Daniel Rosenfeld are conducting the analysis of estimated precipitation enhancement for the state of Texas.    Their initial evaluation of glaciogenic seeding effects during the 1999 and 2000 growing season indicate a precipitation increase, in individual clouds, on the order of +40%, during the 1999 and 2000 growing season and in the areas of actual aircraft seeding.  Preliminary results are attached in Appendix 1.  The goal for precipitation increase in the NM Summer Seeding Program is to achieve a 20% increase in summer rainfall, or an average of approximately 2 inches per year in the proposed program areas.

The proposed PEP when fully implemented will include:

· A 13 million acre target area encompassing most of the lower Pecos watershed.

· ISC appointment of the Technical and Citizen’s Advisory Committee to ensure independent scientific evaluation and local input and support.

· Extensive Pilot and Meteorologist training for consistent program improvement.

· Web site depicting real time seeding missions and precipitation enhancement.

· Public information and education program.

The potential benefits of the proposed PEP include:

· Enhanced Runoff in the Pecos River.

· Increased Agriculture Benefits.

· Economic Benefits to Communities.

· Improved Recreational Opportunities.

· Improved Wildlife Habitat.

· Improved Water Quality.

· Increased Municipal Water Supplies.

· Reduced Groundwater Depletion.

· Reduce Fire Conditions.

Per Acre Cost by year is estimated at:

· 2002 – 18 cents per acre

· 2003 – 14 cents per acre

· 2004 – 11 cents per acre

· 2005 – 09 cents per acre

· 2006 – 07 cents per acre

· 2007 – No further large capital expenses, O&M ~ 5.6 cents/acre

Benefit Analyses

Total Benefit, which includes the total economic benefit and water management benefit, is estimated at $2.3 million in 2002 and $5.2 million in 2006.  The benefit analysis does not include other potential revenues or values that may be associated with Intangible Benefits or the Experimental Winter component.  

Total estimated costs for the entire PEP, which includes the Summer Season component, Experimental Winter component and the Panhandle Research component is approximately $1.3 million in 2002, and slightly decreases to about $980,000 in 2006.  The Cost Benefit Analysis indicates that even if the Total Estimated Benefit for the program is in error by 50%, the proposed program could be revenue sufficient the first year and generate additional revenues beyond program costs by 2004.

1.  INTRODUCTION

New Mexico’s must look for new, innovative ways to ensure that an adequate future supply of water is available.  Among the technologies showing promise as means to enhance water supplies is weather modification.  Scientific research reveals that intervention in the natural processes of the atmosphere, specifically the seeding of clouds, can stimulate added precipitation.  This process is the focus of other arid states and nations actively mapping water management strategies for the 21st century.  Some of these programs began in the 1960’s and have continued to the present day.  Texas will begin the 2002 summer season with eleven projects, seeding a total of 52,000,000 acres at an estimated cost of $4,500,000.


The Texas Cloud Seeding Programs are based on 

randomized cloud seeding experiments over the 

Caribbean, Florida, Texas, Cuba, Thailand, and 

South Africa.

Taken collectively, the Texas Projects indicate seeding 

induced rainfall increases of 75% to 100% for 

individual clouds and 25% to 45% for large areas.

(Rosenfield & Woodley 1996)

The evidence is strongest for individual clouds
Five years ago, a group of interested persons known as the Llano Estacado Weather Modification Association (LEWMA) organized a demonstration cloud seeding effort in Eastern New Mexico from 1997 to 2001.  The program was administered through the Interstate Stream Commission.  LEWMA partnered for cloud seeding services with the adjoining High Plains Underground Water Conservation District (HPUWCD) in Texas.  The partnership with HPUWCD, while sufficient for demonstration purposes, is not adequate to fulfill either the needs of Eastern New Mexico or the HPUGWD for precipitation enhancement.

The LEWMA group includes many entities in New Mexico, including Soil and Water Conservation Districts, Rural Community and Development (RC&D), Chamber of Commerce, Board of Economic Development, County Commissioners, many diverse businesses, ranchers and farmers.  This group came together with a common goal, to promote a successful summertime Weather Enhancement Program that would ultimately benefit all of New Mexico.  This proposal builds on the work of the past five years of the Eastern New Mexico rain enhancement program (Source: Preliminary Assessment of the 1999-2000 Program; Keyes{with appendix from Woodley}, 2001).
1.1 Mission

The mission of the program is to assess and realize the potential of cloud seeding for precipitation enhancement as a long-term water management tool for New Mexico.  The PEP presents an incremental, conditional approach that transitions from the previous demonstration program to full New Mexico ownership and administrative and operational control, with increasing effort and funding only after scientific monitoring and evaluation have documented profitable, beneficial results.  The program combines cloud seeding techniques with state of the art cloud seeding evaluation, technology, and procedures.  In addition, the program will test new concepts such as hygroscopic seeding to enhance precipitation events.

The ultimate goal of this effort is envisioned as a partnership between precipitation research and weather enhancement operations, to increase rainfall and runoff in the Pecos River Basin.  Increased precipitation may extend the life of underground aquifers for use by agricultural, ranching, urban interests; and to assist New Mexico in meeting its court mandated Pecos River Water Compact obligation to Texas.  The program anticipates beginning operations in the 2002-growing season with a mission of increasing normal summer precipitation a minimum of 20% or about 2 inches per year during the next five years. 

1.2 Cost Benefit Analysis



1.2.1 Agriculture Benefits

Agriculture is the main industry for most of the entire target area; with 1995 farm commodity cash receipts totaling over $724 million or about 37% of the state’s total agriculture cash receipts (Source: NM Agricultural Statistics).  In February 1998, a study for Roosevelt County conducted by NMSU Agriculture Economist James Libben revealed that a 20% increase in rainfall would result in a direct marginal value of $12 million to producers and a total marginal value to the community of $32 million.  

In the Projected Budget, Part I Summer Season Benefit Analysis, an estimated production benefit factor of 11.4% is derived by dividing Libben’s direct marginal value of $12 million by Roosevelt County’s 1995 total cash receipts ($104,528,000).  Commodity cash receipts for the defined target area and the production benefit factor is used to calculate the estimated production benefit for each year.  The assumptions used in calculating the estimated production benefit include total cash receipts, which are predominately agricultural and the 1998 study only considered value to range cattle, dry land wheat and milo, and irrigation savings that provide a conservative factor of 11.4%. See Projected Budget.

Preliminary analyses of agricultural benefits indicate that an additional 2 inches in precipitation may provide an additional $34.9 million in agricultural production for the first year of the program.  As the program develops through 2006, the potential agricultural production benefit increases to $82.5 million, which correlates to the expanded target area.  To predict possible State revenues that may be generated on an annual basis, the agricultural production benefit is multiplied by 6%.  This amount represents the simulated NM Gross Receipts Tax (NMGRT) that may be expected by an increase in agricultural production.  Typically, selling livestock, receipts of growers, and unprocessed agricultural products are exempt form NMGRT.  However, value added to this production is taxed and therefore simulated to derive an estimated revenue stream for the purpose of this analysis.  Projected agricultural revenues in 2002 are about $2 million and revenues in 2006 are estimated at $4.9 million.



1.2.2 Water Management Benefits

Table 1 presents estimates of the increase in flows at the Artesia gage due to a cloud seeding program over Eastern New Mexico from Quay County down to Eddy and Lea Counties (Source: C. Roepke, NMISC Bureau Chief, See Appendix).  Calculations in flow only utilized sets of years where the rainfall increase from one year to the next year was approximately two inches, the rainfall was roughly equivalent at the bulk of weather stations in the target area and was near the long-term average for the irrigation season in the target area.  Only two sets of years, 1953 and 1954, and 1975 and 1976, fit those criteria.  Reservoir releases were scalped from Artesia gagging station hydrograph data, and the calculated base inflows subtracted to derive the net flow increase that might benefit New Mexico.

The results are only a gross estimate based on 1) an inadequate amount of data for any statistical certainty, and 2) without considering numerous important physical criteria such as antecedent moisture conditions, spatial locations, aerial distribution, and others.  One should note the variance in the net flows attributed to a 2” increase in rainfall.  For the two sets of years, the earlier set resulted in an increase of 6,400 acre-feet (ac-ft) and the later set resulted in a decrease of minus 600 ac-ft.  This great variance illustrates not only the lack of a robust analysis, but also the lack of physical understanding there is in regard to precipitation/stream flow relationships.  Although not strictly correct, the assumption used was that half the gain accrues to New Mexico and half to Texas.  In short, this is a very rough analysis.  

Table 1.  Estimate of stream flow increase at Artesia gage that might result from a summer cloud-seeding program in Eastern New Mexico.  In ac-ft unless otherwise noted.

	Year
	Seasonal Precip (in)
	Total - Reservoir
	Base

Flow
	Net

Flow
	Net Diff Assumed 2" Increase
	Ave. Net Increase
	Approx NM Share
	Ave. NM Share

	1953
	7.1
	24,567.6
	9,700
	14,868
	12,773
	
	6,387
	2,892

	1954
	9.4
	39,160.8
	9,700
	29,461
	
	
	
	

	
	
	
	
	
	
	5,784
	
	

	1975
	7.4
	13,003.8
	5,200
	7,804
	-1,205
	
	-603
	

	1976
	9.3
	10,528.7
	3,900
	6,629
	
	
	
	


Two scenarios may be used to predict the water management value associated with increased stream flow.  The first incorporates the costs attendant to a one-time purchase of the additional stream flow.  This scenario would be misleading because of the variability in difficulty in meeting delivery obligations.  The second is the cost associated with the average annual lease of the estimated increase in stream flow.  This analysis was chosen because it provides the most conservative and practical approach.  The current amount paid by New Mexico to lease water in the Lower Pecos Basin is $100 per ac-ft.  Assuming that the average net increase in stream flow is about 2,900 ac-ft, the annual water management benefit is estimated at $290,000.  

In the Projected Budget, Part I Summer Season Benefit Analysis, 2,900 ac-ft expected annual gain was selected.  The cost benefit from water management savings alone can therefore be estimated as $290,000.  

The Total Benefit includes the total economic benefit and water management benefits together.  The Total Benefit is estimated at $2.3 million in 2002 and $5.2 million in 2006.  The benefit analysis does not include other potential revenues or values that may be associated with Intangible Benefit identified in Section 1.2.3 or increases in stream flows that may be attributed to the experimental winter programs.  

Total estimated cost for only the Summer Season Program is approximately $1 million per year.  Total estimated costs for the entire PEP, which also includes the Experimental Winter component and the Panhandle Research component is approximately $1.3 million in 2002, decreasing to $980,000 in 2006.  This Cost Benefit Analysis indicates that even if the Total Estimated Benefit for the program is in error by 50%, the proposed program could be revenue sufficient the first year and generate additional revenues beyond program costs by 2004.



1.2.3 Intangible Benefits

The potential intangible benefits for New Mexico including the following:

· Reduced groundwater depletion.

· Reduce irrigation cost.

· Improved water quality.

· Increased municipal water supplies.

· Reduce fire conditions. 

· Improved recreation opportunities for 

        fishing, hunting, camping, and water skiing.

· Improved wildlife habitat.

2.  BACKGROUND

Water Use in the Area

The PEP project area by the summer of 2006, would include Chaves, De Baca, Eddy, Lea, portions of Lincoln, and Roosevelt counties, an area about 20,660 square miles or 13,224,000 acres.  This area represents the boundaries of the C-Band radar contemplated to be located east of Roswell on the Caprock.  

Withdrawals in the Pecos River Basin during 1995 totaled 808,491 ac-ft or 18% of the state total.  Surface water accounted for 318,820 ac-ft or 39% of the basin withdrawals, and groundwater for 489,661 ac-ft or 61%.  Depletions in the basin totaled 519,891 ac-ft or about 19% of the depletion in the state.  Surface water accounted for 174,640 ac-ft or 34% of the basin depletion, and groundwater for 345,251 ac-ft or 64%.  Slightly more than 30% of all water used is replenished.  

Agriculture is the primary water user in New Mexico using about 76% of the resource statewide.  In the project area, irrigated agricultural accounted for 674,938 ac-ft or 83% of the basin withdrawals in 1995.  Surface water accounted for 261,847 ac-ft or 39% of the irrigation withdrawals in the basin, and groundwater for 413,091 ac-ft or 61%.  Public water supply and self-supplied domestic accounted for 47,260 ac-ft or about 6% of the basin withdrawals.  Mining accounted for 17,973 ac-ft or 2% of the basin withdrawals and livestock, commercial, and industrial accounted for 17,949 ac-ft or 2% on basin withdrawals (Source: “New Mexico State Engineer Office, Technical Report 49, September 1997”).

Pecos River Basin:


The Pecos River, one of the major tributaries of the Rio Grande, rises on the western slope of the Santa Fe Mountains in Mora County, New Mexico (at 35°59' N, 105°33' W), and runs south through San Miguel, Guadalupe, De Baca, Chaves, and Eddy counties in New Mexico before it enters Texas just east of the 104th meridian.   


Through most of its more than 900-mile-long course, the Pecos River parallels the Rio Grande.  The total drainage area of the Pecos in New Mexico and Texas is about 44,000 square miles. The New Mexico Drainage is about 25,962 square miles or with about 13,600,000 acres in the proposed project area for summer of 2006.  Most of its New Mexico tributaries flow from the west; these include the Gallinas River, the Rio Hondo, the Rio Felix, the Rio Penasco, the Delaware River, Toyah Creek, and Comanche Creek.  Many of these tributaries contribute to the underground flow of water to the lower portion of the Pecos River near Roswell, Artesia, and Carlsbad, NM.

Entering the Pecos from the east are the tributaries Alamogordo, Taiban, Live Oak, and Howard.  The topography of the river valley ranges from mountain pastures in the north, with an elevation of more than 13,000 feet above sea level, to grasslands, semiarid irrigated farmlands, desert with sparse vegetation, and, in the lowermost reaches of the river, deep canyons.  The principal cities in the Pecos River Basin in New Mexico are Las Vegas, Santa Rosa, Fort Sumner, Roswell, Artesia, and Carlsbad; in Texas, the main city on the river is Pecos, the Reeves county seat.  

Pecos River Compact:

In 1949, New Mexico entered into the interstate Pecos River Compact with Texas, which later was adopted as federal law by Congress and as New Mexico law by the New Mexico Legislature.  The Compact equitably apportions the use of the Pecos River water between the two states.  It requires New Mexico “not deplete by man’s activities the flow of the Pecos River at the New Mexico-Texas state line below an amount which will give Texas a quantity of water equivalent to that available to Texas under the 1947 condition”, as specified in the Compact.

As a result of disagreement between the two states over interpretation of the “1947 condition” Texas sued New Mexico in the U.S. Supreme Court in 1974.  According to the Supreme Court, a Compact acts as the Number One water right on the river.  Under the Pecos River Compact with Texas and the 1988 Supreme Court Amended Decree, New Mexico is obligated to ensure that sufficient water is delivered at the Texas state line to meet delivery obligations determined by the Supreme Court-appointed River Master.  

3.  PROGRAM AREA

The primary focus of the proposed program is on the southeastern portion of New Mexico where there exists both great water need and clouds suitable for seeding.  In 2002, the summer seeding program includes previous target areas in Lea and Roosevelt Counties and portions of the Pecos River Watershed in Chaves and Eddy Counties for a total of about 5.6 million acres.  For the first year, contractual services with the Sandy Land Underground Water District (SLUWD) in Texas are anticipated to support weather enhancement operations during the 2002-growing season. 

During the 2003 season, the program requires Radar Data Acquisition System (RDAS) radar to be located near Roswell, NM.  The project target area will continue to expand, as funds are available to purchase the necessary additional aircraft.  The target area, when complete, will include all of DeBaca, Roosevelt, Chaves, Lea, Eddy, and portions of Lincoln for summer seeding see Figure 1.  This proposed project area is the focus of this proposal for several reasons:

· The targeted area supports New Mexico in meeting its Compact Agreement to Texas on the Pecos River.

· Radar coverage will be a major investment for the summer program and this area represents the maximum area of coverage.

· This area of Eastern New Mexico has organized interest and support.

· 37% of the state’s farm commodity cash receipts are in this area.

4.  PROGRAM SEEDING MODES

4.1 Cloud Seeding Criteria

For maximum effectiveness, seeding should be conducted inside, over, or under hard vigorous convective clouds having large quantities of super cooled condensate.  Such activity results in the formation of ice particles, the release of latent heat, the promotion of cloud growth and the prolongation of cloud lifetime, leading ultimately to increased rainfall, as the seeding induced ice particles grow to precipitation size in the invigorated updraft. In some cases, seeding may take place in cloud towers before the monitoring radar can see them. 

Therefore, for maximum cloud-seeding effectiveness, the silver iodide nucleate must be introduced near the cloud top or at cloud base, when the cloud is in its active growth phase.  If seeding takes place late in the life of the cloud, the needed changes leading to more rainfall are not likely to occur.  Likewise, if groups of clouds over an area are to be seeded, many clouds actually must be seeded in a timely fashion in order to enhance the rainfall over the area.  Since it is not intuitively obvious how the seeding is to be done, the training of seeding pilots is exceptionally important to the success of a seeding program.  This training will be done both in the classroom and in the air to help the pilots better identify clouds that should be seeded and those that should be left untreated.  Forward-looking video cameras will be installed in the seeder aircraft on the copilot’s side of the cockpit in order to monitor the seeding operations and to facilitate pilot training.

A licensed meteorologist, who is also certified by the Weather Modification Association and experienced in radar operations, will direct all operations.  Teamwork between the project radar meteorologist and the seeding pilots is essential for program success.  The project radar will operate at C-band wavelengths (5-cm) and be controlled by the RDAS hardware system, which has been interfaced with the Thunderstorm Identification, Tracking, Analysis and Now-casting (TITAN) software system. 

4.2 Glaciogenic Seeding

Past glaciogenic seeding experiments suggest that seeding with an ice nucleate enhances rainfall (Source: ASCE Manual #81; Kahan, etal, 1995).  This provides the basis for the past, present and future operational cloud seeding programs around the world, including the effort proposed here.

The PEP makes provision for growing season seeding to enhance runoff in the Pecos River Basin, with the initial emphasis being on the glaciogenic seeding of summertime convective clouds.  The proposal will build on past experiments and on the vast experience in Texas, where ten seeding projects are in operation.  Ultimately, the technical and operational direction of the program in New Mexico will depend on the evaluation of seeding results in Eastern New Mexico.  Dr. William Woodley and Dr. Daniel Rosenfeld are conducting the analysis of estimated precipitation enhancement for the state of Texas.  Their initial evaluation of glaciogenic seeding effects during the 1999 and 2000 growing season indicate a precipitation increase, in individual clouds, on the order of +40%, during the 1999 and 2000 growing season and in the areas of actual aircraft seeding.  The goal for precipitation increase in the summer seeding program is to achieve a 20% increase in summer rainfall, or an average of approximately 2 inches per year in the proposed program areas

4.3 Hygroscopic Seeding

Analysis of cloud microstructure in Texas and New Mexico using satellite imagery suggest there are many occasions when the summertime clouds are better suited to hygroscopic seeding using flares or sprays than glaciogenic seeding using silver iodide.  Thus, this portion of the plan builds on the hygroscopic seeding experiments in South Africa and Mexico and calls for randomized tests to determine the effect of hygroscopic seeding on cloud structure and rainfall in New Mexico.  Implementation will require cooperative efforts between the research and operational components of the program, including shared target area and project resources.  Plans are in progress for this cooperative effort to be shared by New Mexico, Texas, and Oklahoma in the northeastern corner of NM, where the three states converge.  This research may be started as early as the 2002-growing season.

4.4 Aerial Application

Five aircraft will be needed to adequately cover the proposed target area during 2006.  Three twin engine pressurized aircraft for cloud top seeding will be equipped with full de-icing systems and oxygen system with masks (should the pressurization system fail).  Two single engine aircraft will be needed for cloud base seeding.  All aircraft will be equipped with full instrumentation and IFR certified in accordance with Federal Aviation Administration requirements.  All aircraft will be equipped with an onboard weather radar display, which indicates radar echoes in three levels of storm intensity. The three twin engine aircraft will be equipped with belly mounted silver iodide pyrotechnic flare racks with removable baskets, capable of carrying 204 ejectable flares for cloud top seeding.  All five aircraft will be equipped with burn in place (bip) flare racks for base seeding.  These racks are mounted on the trailing edge of each wing.  Each rack is capable of holding 24 bip flares.  This flare rack will allow for the flexibility of using either glaciogenic or hygroscopic flares and a variation in the size of flares used. 

Texas has more Growing Season Rainfall Enhancement programs, covering more acres than anywhere in the world.  We are fortunate to have learned from their experiences.  In approaching the summer season program and especially over the long term it appears that equipment (aircraft and radar) purchase costs are less than service contract costs.  LEWMA has been a part of the Texas High Plains Program that began with a private contractor and transitioned to complete ownership of the program.  It is the conclusion of many experienced water managers that complete, local control is needed to provide a more effective, cost efficient program.  Another option to hiring a contractor or owning equipment outright is leasing equipment.  Leasing equipment has a tremendous disadvantage to owning because it is more costly.  It would be virtually impossible to lease aircraft from anyone other than a weather modification contractor because of the additional equipment and installation expenses that would be incurred.    

4.5 Operations Period

The summer Weather Enhancement Program will initially operate from the last week of March through September 30.  However, with ownership of the operating equipment, operational changes can be made to accommodate weather patterns. 

4.6 Suspension Criteria

Suspension criteria will be developed and reviewed as the program matures. The following criteria are considered at this time:

· Seeding may be suspended whenever the National Weather Services issues flash flood warning and / or hail advisories for the target area.

· If a community representing an area of 15 miles by 15 miles requests temporary suspension due to harvest and or planting requirements.

5.  CLOUD MONITORING

5.1 Radar

C-Band weather radar will be controlled by a hardware and software data system known as the weather RDAS developed by Farren Hiscutt, Electronic Systems Development, Bethlehem, South Africa.  RDAS consists of a video processor and an angle interface that work together for the acquisition of raw radar data and control of the azimuth and elevation of the radar antenna.  RDAS operates on a DOS computer.  The raw data ingested by RDAS is then displayed and manipulated by a second piece of software known as the TITAN, developed by Mike Dixon, et al, National Center for Atmospheric Research, Boulder, CO.  TITAN operates under an X-Windows environment, on a separate computer with a Linux operating system.  The raw radar data is displayed in TITAN using a multi-colored code, which correlates precisely to seventeen levels of radar reflectivity values.

The licensed field meteorologist will also have access to the Internet to track storms and utilize data from the National Weather Service NEXRAD radars and weather satellites.

5.2 Aircraft Tracking  

Tracking of all aircraft will be achieved through the hardware and software package known as the Data Acquisition and Telemetry System (DTS), developed by Farren Hiscutt, Electronic Development, Bethlehem, South Africa.  The DTS system acquires analog, digital and Global Positioning System (GPS) data for recording and transmission, via radio telemetry, from an airborne system to a ground based receiver unit.  The DTS system has been specifically designed and customized to be compatible with TITAN.  The DTS allows the radar operator to see the location of each aircraft and all seeding actions in real time.  Each individual aircraft will transmit a data packet, at a discreet time interval, allowing an individual data packet to be received at the base station and displayed on TITAN every six seconds.  All seeding actions are displayed in TITAN by graphic representations and recorded in a standard ASCII file format.  DTS allows pinpoint, GPS locations of all actions performed by the pilot while airborne.  Data from the ASCII file is transposed into a standard spreadsheet format to retain a textual record of the entire flight of each aircraft.  An exact location of each flare ignition and the entire day’s flight track will be plotted in a graphical image, against a map of the target area.

6.  PROGRAM EVALUATION

A method of evaluation has been developed by Woodley and Rosenfeld  (Described in Appendix 1) and will be used for evaluation purposes.  This method involving the use of NEXRAD radar systems that are distributed about the region would be the most viable for the project evaluation analysis.  These are S-band radars, which do not attenuate appreciably in heavy rain, and are operated continuously unless they are down for maintenance.  In addition, the NEXRAD radars have a clutter-removal algorithm that eliminates most of the false rainfall produced during periods of anomalous propagation.  Further, the project’s area radar data would be normalized during the merging process.  Coverage for the area by NEXRAD is acceptable, with the exception of a small area in the southwestern corner of the fully expanded area.  This tiny corner makes up less than one percent of the entire area.  However, a NEXRAD (or other S-band radar) located in Roswell would be an excellent goal to achieve in the future.  

6.1 Weather Program Data Collection and Analysis

The following preliminary list of data collection and analysis resources may be used to measure the effectiveness of the PEP.  Because of the inherent complexity and variability of weather enhancement operations, the selection of the most appropriate methods will be determined during the first year of the program: 
6.1.1 National Weather Service Data Collection and Analysis 

There are only twenty National Weather Service Rain gauge Network gauges located in the nearly 21,000 square mile target area.  This data is easily collected and analyzed; but may not produce reliable results until operations have been ongoing for a very long time.

6.1.2 Rain Gauge Data Collection and Analysis

The primary purpose of maintaining a dense network of rain gauges is for ‘ground truthing’ radar rainfall.  Texas has a dense network of over 500 gauges that can be used for the eastern counties during the joint 2002 project.  The current Roosevelt Network of gauges will be abandoned and salvaged for establishment of a new network on the western portion of the target area.  The purpose of the new network will be to determine the relationship between the NEXRAD estimated rainfall and measured ‘on-the-ground’ rainfall in the normally drier portion of the proposed target area.  

6.1.3 Stream Flow Data Collection and Analysis

The USGS collects stream flow data along the Pecos River.  As an independent evaluation, this information will be gathered and analyzed to determine if modification operations contribute to additional water.

6.1.4 Groundwater Elevation Data Collection and Analysis

The USGS collects groundwater data on a limited basis.  As an independent evaluation, this information will be gathered and analyzed to determine the effect of the program on groundwater levels.

6.1.5 Vegetation Data Collection and Analysis

The New Mexico Department of Agriculture and the New Mexico Agricultural Statistics Service annually produce a bulletin providing agricultural statistical data by county.  This data includes crop yields for irrigated and dry cropland, cash receipts for crops, and cash receipts for livestock.  This information could prove useful in evaluating long-term economic benefits of the program.  An independent contracted evaluation of this information is contemplated in this proposal.

6.2 Cost-Benefit Analysis 

The LEWMA Board will work with New Mexico State University (NMSU) Agriculture Economists to determine the economic benefit for each targeted county with an assumed 20% increase in precipitation.  This has already been prepared for Roosevelt County, assuming a 20% increase in summer precipitation.  Once the economic benefit is determined, a cost-benefit analysis will be prepared and reported to the NMISC as soon as precipitation analysis are complete as described in the above sections.

7.  PROGRAM MANAGEMENT


7.1 TECHNICAL ADVISORY COMMITTEE

A Weather Enhancement Technical Advisory Committee of the NMISC will be formed to provide program direction and evaluation.  The Technical Advisory Committee will consist of two LEWMA Board members, a minimum of one scientist, and a member of the New Mexico Weather Control and Cloud Modification Commission.  The duties of the Technical Advisory Committee would include the review and evaluation of operations data, assistance with monitoring activities, development of operational procedures, and other functions as requested by the NMISC.

7.2 Meteorologist

The NMISC will employ a meteorologist based in the NMISC Roswell field office.  The meteorologist will be responsible for the daily operations and maintenance of radar, aircraft, the collection and analysis of appropriate data and reporting.

7.3 Field Administrator

The NMISC will support a Field Administrator that must reside within the targeted area.  The Field Administrator will be responsible for coordinating all ground based monitoring, report preparation, and communicate other relevant issues to the meteorologist.  The Field Administrator will prepare preliminary budgets and financial information, coordinate and support the Technical Advisory Committee, and perform public outreach activities in support of the program. 

7.4 Program Manager     

The NMISC will assign a Program Manager to administer the budget, financial matters, personnel, and overall reporting requirements to the NMISC.

7.5 NMISC Agreements

A formal agreement will be required to establish the Weather Enhancement Technical Advisory Committee.  

For the 2002 season, an agreement with the Sandyland Underground Water District will be required.

7.6 Permits

The NMISC will need to apply for and hold the license through the New Mexico Weather Control and Cloud Modification Commission and also facilitate any research activities with which the NMISC might want to participate.  

7.7 Program Coordination

Under NMISC direction, the Field Administrator and the Technical Advisory Committee will work with Soil and Water Conservation Districts and other local stakeholders to maintain local involvement and support for the program.  The Field Administrator will work with NMSU on the Economic Benefit Analysis.  

7.8 Plan for Initiating Weather Enhancement Program 




7.8.1 Following Legislative Approval and Funding

· Contract for services with the Sandyland Underground Water District in Texas for the 2002 summer season;

· Organize the Technical Advisory Committee;

· Employ the Field Administrator and Meteorologist;

· Provide for the Meteorologist to train with the Sandyland Underground District for the 2002 season; and

· Purchase of a single engine and twin engine aircraft for the 2002-growing program and for use in the expanded program.



7.8.2 After Evaluation of the 2002 Effort

· Purchase Radar, determine delivery and installation date; 

· Prepare Radar Site, i.e. phones, electricity, water, sewer, trailer;

· Pilots, radar technician contracted;

· Planes purchased and date set for installation of equipment;

· Office and computer equipment purchased;

· Ground School date set, pilots’ training dates determined;

· Plane hangars located;

· Determine Aircraft Maintenance Technician;

· Determine flare source;

· Determine flare inventory record keeping;

· Develop record keeping forms and protocol;

· Initiate Web Site; and

· Continue Public Information Program.

7.9 Reporting    

The following reporting will be performed during the PEP:

· An annual PEP report will be presented to the NMISC that details the season activates monitoring analysis and results.  The report will include recommendations and a funding request for the next season.

· An annual report will be prepared for submission to the NM Weather Control and Cloud Modification Commission.  

· An annual report to NOAA will be filed, as required.

· The Meteorologist and Field Administrator will provide formal quarterly reports to the NMISC.

· The Meteorologist and Field Administrator will provide internal letter reports to the NMISC Program Manager every two weeks.

· The Meteorologist and Field Administrator will provide the Technical Advisory Committee quarterly reports.

· The Meteorologist and Field Administrator will develop a web site that explains weather enhancement and the PEP mission.  It will display the flight tracks and seeding missions overlaying the radar image.  

· The Field Administrator will present programs to various service and agriculture organizations, and develop and distribute educational materials with updates on the programs progress.

8.  PROGRAM BUDGET/ NARRATIVE

The following budget narrative presents the issues and assumptions for the most expensive budget elements.  

Many budget elements were derived from similar Texas programs’ budgets and in conjunction with other sources.  The 2002 budget is the most difficult to predict because it reflects the transition period.  Two aircraft will need to be provided by NM and one provided by SLUWD to ensure the proposed target area coverage.  The radar and all associated expenses will be provided by SLUWD.  

8.1 Aircraft

Aircraft expenses have been derived from budgets of similar programs in Texas in conjunction with Miller Aviation.  The Millers have been members of LEWMA since its inceptions and bring to the organization over 20,000 flight hours of experience.  Mr. Miller has an Airline Transport Pilot Rating and is a Certificated Flight Instructor (ATP-CFI).  He also is qualified as an Airframe and Power Plant with Inspector Authorization Licenses (A&P-IA).  Both are Certificated Aircraft, Single, and Multiengine Land Pilots (ASMEL).  Ms. Miller is a Certificated Flight Instructor and Aircraft Instrument Instructor and Multi Engine Instructor (CFIAI-ME).  Their aviation experience and knowledge of the area has been used extensively in preparing the aircraft portion of the budget.

Aircraft expense is highly variable because it is unknown how many ‘seedable’ clouds may be available in any one year.  This affects flare expenses, fuel, and maintenance.  Aircraft maintenance is also highly variable where a new engine can cost as much as $30,000.  This budget presents the upper end of these expenses.

8.2 Radar/Meteorologist/Pilots

Section 5.1 explains the capability of the TITAN/Radar system.  Essentially this system is somewhat similar to a human MRI, allowing the meteorologist to look ‘inside’ a cloud and determine which area of the system might respond more favorably to seeding activity.  In addition to the necessity for operations it also serves as an excellent tool for record keeping and future assessment.  The TITAN software will identify a storm echo once the storm reaches an area of 20 sq km and a reflectivity of about 40 dbz.  It assigns the storm a number and tracks it through its lifetime until the storm falls below 40 dbz or merges with another storm.  The cost for TITAN/Radar is derived from Texas budgets and from Clarks General Services who sales and installs this type radar.  Radar repairs and adjustment are another expense that will vary.  At some point, training the meteorologist and field administrator to perform general maintenance and repairs will cost about $13,000.   

Other expenses associated with the radar are for a trailer to house the computer equipment for the meteorologist.  

Pilots may not work ‘full’ time but will be ‘on call’ throughout the six month season.  Their importance to the success of the program is paramount for they must be the eyes of the meteorologist.  Once again, experience becomes key to success.  

Pilot training is another expense that is hard to predict.  It will cost about $3000 to train a new pilot with annual updates needed that will cost considerably less.  Besides creating a more effective program, pilot retention will also create a less expensive program.
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Part 2: Experimental Winter 2004 Component E. Sacramento Mts.
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