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Preface
This study provides order of magnitude estimates of the economic and societal benefits of the National Polar Orbiting Environmental Satellite System (NPOESS) before and after the 2006 Nunn-McCurdy changes and subsequent program changes. This is the second phase, which draws on and replaces the initial study that examined benefit before the changes. 

Methodological improvements are incorporated and additional tests conducted, including incorporating the NPOESS Preparatory Project (NPP), allowing for year-to-year variations in benefits during the next decade, considering benefits associated with climate change and examining effects of alternative start dates and satellite longevity on benefits. The study also begins to assess implications for NPOESS benefits of the National Academy of Sciences 2008 study recommendations to mitigate the impact of the 2008 Nunn-McCurdy changes. 

The study has benefited from discussion with Jerry Bryant, Steve Simione, Barbara Macneill and Keith Gilmore. The assistance and cooperation of Mike Haas and Skip Eastman is greatly appreciated. Rodney Weiher, NOAA’s Chief Economist, encouraged and oversaw the effort. 

Executive Summary

Objectives and Context 
Weather, climate and environmental satellites are at the forefront of efforts to improve understanding and forecasting of critical weather, climate and environmental phenomena to support adaptation and mitigation and advance living standards and the quality of life. 
This study provides improved and up-to-date order of magnitude estimates of the benefits of the National Polar Orbiting Environmental Satellite System (NPOESS). The focus is on the contribution of NPOESS data and products to the U.S. economy and society in addressing both current and long term impacts. The estimates can be useful in demonstrating value and considering alternatives for NPOESS.
Specifically, the objectives are to: 
· Revise and update estimates in an initial study to:

· Include benefits of the NPOESS Preparatory Project (NPP). 
· Allow for varying percentages of capability in each initial year and further refine the estimates. 

· Consider the implications for benefits of the Nunn-McCurdy changes in the NPOESS program and subsequent program changes.

· Examine effects of alternative start dates and satellite longevity on benefits.

· Begin to assess implications for NPOESS benefits of the National Academies study that was intended to analyze the impact of the 2006 Nunn-McCurdy changes and develop a strategy to mitigate the impact of the changes. 

The study builds on estimates of NPOESS benefits developed in a previous study that was based on capabilities of NPOESS, but not NPP, prior to the Nunn-McCurdy reconfiguration.
 Two estimates are provided:

· An “order of magnitude” estimate of the combined benefit of continuity and improvements 

· A “notional” estimate of the value of improvements

Since NPOESS is a replacement for POES and other satellites, its main benefit is in providing continuity in capabilities.

Benefits are broadly defined to include those to the civilian economy and society.
 Both economic benefits and non-economic benefits, such as those to life, health safety and the environment are included. Illustrative calculations are made of possible benefits associated with climate change. The estimation adapts data from an econometric model of the effects of weather on the U.S. economy and a study of households’ willingness to may for weather information. An allowance for climate benefits is included. Benefit estimates exclude the contributions of satellites that NPOESS replaces and those it relies on as supplements. The methodology is summarized in Appendix A.

Nunn-McCurdy and Subsequent Changes
The legislatively required review in response to cost increases resulted in the following changes:

Summary of Nunn-McCurdy Changes to the NPOESS Program
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       Source: United States Government Accounting Office, Environmental Satellite Acquisitions: Progress and Challenges, 
       GAO-07-1099T, July 11, 2007, Table 3.

In January 2008, NASA and NOAA announced they would restore the Clouds and Earth Energy Systems (CERES) instrument on NPP.

Subsequently, the Ozone Mapping and Profiler Suite Limb (OMPS-limb) was restored to NPP. It is possible it will be restored on NPOESS in the future. The instrument has the capability to determine ozone profiles below the peak concentration in the stratosphere. 

In May 2008 the decision was announced to remanifest the Total Solar Irradiance Sensor (TSIS) on the first NPOESS satellite C1. This adds one Environmental Data Record (EDR). 

The MIS sensor replaces CMIS with a less complex instrument. Whether its EDRs that employ the lower frequencies will be degraded will be determined when the MIS sensor is defined.  

As a result of the initial and subsequent changes, the configuration of instruments to be on NPOESS as of April 2008 is:

C1: VIIRS, CrIS, ATMS, OMPS, CERES, SEM, TSIS, Search and Rescue, A-DCS.

C2: VIIRS, MIS, Search and Rescue, A-DCS.

Benefit Estimates

Build-Up of Benefits to 2017

Before Nunn-McCurdy

Values of the build-up of benefits through 2017 by year before the Nunn-McCurdy changes are illustrated in Table A. NPP is included. Benefits of foreign satellites providing data in place of a more fully configured NPOESS are not included. While NPOESS service both military and civilian purposes, the estimates relate only to civilian uses of the information. Benefits reach a middle value of $2.30 billion per year in 2017. Much of the benefit is for continuity. “Notional” benefits of improvements in the illustrations are at about 10%-30% of total values. 

	Table A. Benefits before Nunn-McCurdy Changes
(billions of 2008 dollars)

	
	benefits of NPOESS
	benefits of improvements

	
	central
	low
	high
	low
	high

	2010
	0.17
	0.15
	0.19
	0.02
	0.06

	2011
	0.50
	0.43
	0.57
	0.05
	0.19

	2012
	0.68
	0.59
	0.78
	0.07
	0.26

	2013
	1.30
	1.10
	1.50
	0.12
	0.46

	2014
	1.53
	1.30
	1.77
	0.14
	0.55

	2015
	1.78
	1.51
	2.05
	0.16
	0.65

	2016
	2.03
	1.73
	2.34
	0.19
	0.74

	2017
	2.30
	1.95
	2.64
	0.21
	0.84


After Nunn-McCurdy

Benefits after Nunn-McCurdy and subsequent modifications are estimated at 61.8% of pre-Nunn-McCurdy levels based on the number of EDRs, with degraded products counted at half. The resulting build-up of values is in Table B. The middle level benefits build up to $1.4 billion per year in 2017.
	Table B. Benefits after Nunn-McCurdy Changes
(billions of 2008 dollars)

	
	benefits of NPOESS
	benefits of improvements

	
	central
	low
	high
	low
	high

	2010
	0.11
	0.09
	0.12
	0.01
	0.04

	2011
	0.31
	0.26
	0.35
	0.03
	0.12

	2012
	0.42
	0.36
	0.48
	0.04
	0.16

	2013
	0.80
	0.68
	0.93
	0.07
	0.29

	2014
	0.95
	0.80
	1.09
	0.09
	0.34

	2015
	1.10
	0.93
	1.27
	0.10
	0.40

	2016
	1.26
	1.07
	1.45
	0.12
	0.46

	2017
	1.42
	1.21
	1.63
	0.13
	0.52


Present Value of Benefits with Alternative Discount Rates

Before Nunn-McCurdy

Next, present values of NPOESS benefits prior to the Nunn-McCurdy changes are calculated for 2008 with alternative discount rates of 7%, 5% to 3%.
 For the purposes of calculation, benefits are kept at the 2017 levels through 2026 without an attempt to allow for variation among years. The present values are in dollars of year 2008 purchasing power. The central value of the present value of benefits before the Nunn-McCurdy modifications is $18.1 billion with a discount rate of 5%.  With a 7% discount rate the value decreases to $14.5 billion and at 3% it is $22.9 billion.  

	Table C. Present Discounted Value of Benefits before Nunn-McCurdy Changes

	discount rate
	benefits of NPOESS
	benefits of improvements

	
	central
	low
	high
	low
	high

	7%
	$14.47 
	$12.29 
	$16.65 
	$1.33 
	$5.30 

	5%
	$18.08 
	$15.36 
	$20.81 
	$1.66 
	$6.63 

	3%
	$22.85 
	$19.40 
	$26.29 
	$2.10 
	$8.37 


After Nunn-McCurdy
The central value of the present value of benefits is reduced to $11.2 billion after the Nunn-McCurdy and subsequent modifications with a discount rate of 5%. With a 7% discount rate the value is $8.9 billion and at 3% it is $14.1 billion. 
If the EDRs that were eliminated had a lower average value than those that were retained, the reduction in benefits with the program changes would be less. However, while the benefits of new EDRs may be farther off in time, if they allow climate phenomena with large economic impacts to be addressed, they need not have lower present values of benefits. 
	Table D. Present Discounted Value of Benefits after Nunn-McCurdy Changes

	discount rate
	benefits of NPOESS
	benefits of improvements

	
	central
	low
	high
	low
	high

	7%
	$8.94 
	$7.59 
	$10.29 
	$0.82 
	$3.28 

	5%
	$11.18 
	$9.49 
	$12.86 
	$1.03 
	$4.10 

	3%
	$14.12 
	$11.99 
	$16.25 
	$1.30 
	$5.17 


Sensitivity Tests of Effects of Changes in Schedule and Longevity on Benefits
Tests were performed to determine the impact of a one year and two year delay in NPOESS service, relying on NPP and other satellites in the interim, and of a one year and two year increase in its useful life. The values are with the Nunn-McCurdy restructuring and subsequent changes. 

A one year delay reduces the value of benefits in the central case with a 5% discount rate from $11.2 billion to $10.0 billion and a two year delay reduces it to $9.6 billion. These values assume that the delay does not cause service to extend beyond 2026. If it did, with a one and two year delay the benefits would be somewhat higher, at $10.6 billion and 9.6 billion in year 2008 dollars. 
A one year greater length of service increases the value of benefits in the central case with a 5% discount rate from $11.2 billion to $11.8 billion and a two year addition to length of service increases it to $12.5 billion. 

Initial Consideration of the Implications of the National Academies Study for Benefits
Changes to the NPOESS program subsequent to the Nunn-McCurdy review have been influenced by the release of interim materials from National Academies study: “A Strategy to Mitigate the Impact of Sensor Descopes and Demanifests on the NPOESS and GOES-R Spacecraft,” along with pressures from the study’s participants.
 Also, NASA added two missions in response. Other changes proposed by the National Academies have fallen prey to budget limitations. Still others are being discussed for possible restoration to NPOESS or other missions if funding can be obtained. Moreover, funding constraints will limit both immediate and intermediate term restoration. Consequently, release of the NAS final report which is expected in July 2008 may not have a large additional impact. However, the recommendations could be reinforced by concerns about climate changes in the coming years.

Benefits of adding the three instruments that were decided to be restored prior to the release of the NAS report are already included in the estimates in this study. The potential for added benefits, if the National Academies study were to result in a larger long run restoration, is suggested by the magnitudes of the benefits that were calculated in this study for the configuration prior to Nunn-McCurdy. These provide an upper bound to the benefits that may be possible since full restoration either will not occur or can only occur years later. 
Possible benefits with varying degrees of National Academies-induced restoration (beyond the restoration that has taken place prior to release of the NAS final report) are illustrated by taking percentages in between the pre-Nunn-McCurdy benefits (100%) and the benefits with the presently planned configuration (61.8%). Examples of the added present values of benefits for the central case with a 5% discount rate are presented in Table E for various percentages of the pre- and post-Nunn-McCurdy estimates. Full restoration would increase benefits by $6.9 billion in the example. Table E also can be used to calculate how much of the benefits would be offset by a cost escalation of a particular magnitude.
	Table E. Present Value of Restoration of Benefits at 5% Discount Rate

(billions of 2008 dollars)

	percentage of reduction in benefits restored
	benefits in central case

	  25%
	$1.7

	  50%
	$3.4

	  75%
	$5.2

	100%
	$6.9

	Source: Tables 4 and 5. Numbers vary due to rounding. 


The possible loss with delay is indicated in calculations in this report. Those values can be used to ask how large benefits of further restorations would have to be in order to offset the loss of benefits if they produced a delay of a given length, assuming no accompanying increase in costs.  

Additional Opportunities to Assess NPOESS benefits

Benefit measures can be refined and extended in several ways.   

· Consider how the strategies NAS proposes could affect the value of NPOESS benefits.

· Assess how the benefits could vary with alternative proposals/scenarios for NPOESS evolution that may be identified by NOAA in response to or as alternatives to the NAS recommendations.

· Assess implications of other selected alternatives for NPOESS evolution for the value of NPOESS benefits.
 

· For example, possible future program changes arising from technological opportunities, relationships to other satellite systems or other factors.

· Analyze the potential benefits of NPOESS for selected types of high impact weather events or actual events.
 

· Considering alternative scenarios for weather intensity and population vulnerability.
NPOESS Capabilities
NPOESS Advantages and Applications
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NOAA describes the advantages of polar orbiting satellites as:
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“A polar-orbiting satellite can provide an observational platform for the entire planet surface, while geostationary counterparts [e.g. GOES] are limited to approximately 60 degrees of latitude at a fixed point over the earth. Polar-orbiting satellites are able to circle the globe approximately once every 100 minutes. Relatively low orbit allows detection and collection of data, by instruments aboard a polar-orbiting satellite, at a higher spatial resolution than from a geostationary satellite. The high resolution data combined with global coverage allows polar-orbiting systems to provide real-time environmental information for initializing Global Forecast Models and improving output accuracy.”
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The National Polar-orbiting Operational Environmental Satellite System (NPOESS) is designed “to monitor global environmental conditions and collect data related to weather, atmosphere, oceans, land and near-space environment.”
 NPOESS is designed to replace the current POES satellites, the Defense Meteorological Satellite Program (DSMP) satellites and the NASA Terra and Aqua earth observing satellites. The full NPOESS constellation are reconfigured will contain two satellites, each crossing both poles of the earth, and measuring strips that can be combined to give a complete picture of the planet. 

Prior to modification it was noted that: “…the entire volume of data generated by the civilian POES system in its 40 years of operation would be generated in less than 12 days by NPOESS.”

The Nunn-McCurdy Review 

The Congressionally mandated review was intended to reduce instrument complexity to hold down costs and reduce delays while focusing on continuity of data. The Nunn-McCurdy Certification defined four possible dispositions for the original sensors:

1. De-manifested: sensor flown only if developed outside of NPOESS program

2. Reduced Coverage: sensor flown on one less flight per day (i.e., one less orbit)

3. Reduced Capability: sensor to be redesigned at lower cost and less capability

4. No Change: sensor is built and flown as specified before certification.
The NPOESS mission was changed from 3 orbits and 6 spacecraft to 2 orbits and 4 spacecraft. The updated decision memorandum of April 24, 2007 reports that five climate sensors were de-manifested (TSIS, ERBS, ALT, OMPS-limb, APS), one was given reduced capability (CMIS) and two climate-oriented sensors had coverage reduced (VIIRS, CrIS: one less flight per day).
 Thirty-eight environmental data records (EDRs) were certified, 20 were demanifested and one, CMIS for soil moisture, was left to be determined.
,
 
The Government Accountability Office of Congress (GAO) reports the following status as of July 11, 2007:


Summary of Nunn-McCurdy Changes to the NPOESS Program
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       Source: United States Government Accounting Office, Environmental Satellite Acquisitions: Progress and Challenges, 
       GAO-07-1099T, July 11, 2007, Table 3.
An April 2007 report to the National Academies Space Studies Board, Panel on Options to Ensure the Climate Record from the NPOESS and GOES-R Spacecraft provides a coverage schedule for NPOESS and other satellites:
 (NPP has since been shifted to a June 2010 start due to delay in VIIRS.) 
The 2007 GAO report summarizes the changes to Nunn-McCurdy instruments:
Nunn-McCurdy Changes to NPOESS Instruments

        ─────────────────────────────────────────────────────────────────────────

        Source: United States Government Accounting Office, Environmental Satellite Acquisitions: Progress and Challenges, 
        GAO-07-1099T, July 11, 2007, Table 4.

MIS, a less complicated instrument than the Conical Scanning Microwave Imager/Sounder (CMIS) which it replaces, will be on NPOESS C2 in 2016 and on subsequent NPOESS satellites.

Subsequent Changes

On February 1, 2008 the White House announced the following modifications to the Nunn-McCurdy decisions:

“… the Administration has concluded that the highest near-term priorities are to sustain the datasets from three key climate measurement capabilities: 

· total solar irradiance (measured by the Total Solar Irradiance Sensor, or TSIS); 

· earth radiation budget data (from the Clouds and Earth Radiant Energy System      sensor, or CERES); and 

· ozone vertical profile data (from the Ozone Mapping and Profiler Suite Limb sensor, or OMPS-Limb). 

The TSIS and CERES measurements contribute to long term climate records that are vital to discriminating between natural and human causes of climate change and to monitoring long-term energy shifts relating to climate change. Because these sensors require on-orbit overlap between successive satellites for proper instrument calibration, a gap in coverage between existing and new sensors would create problematic breaks in existing multi-decadal data records that in turn could harm important ongoing research. The OMPS-Limb data are important for monitoring ozone structure and depletion vertically in the atmosphere, and thus to our understanding of the ozone recovery process and related phenomena controlled by climate change. 

Accordingly, the Administration has developed a prioritized, cost-effective package

…a CERES instrument will be flown on NASA’s NPOESS Preparatory Project (NPP) satellite, set to launch in 2010, while another CERES instrument will be built for the first NPOESS satellite (launching in 2013) under current plans. In the case of TSIS, the FY2009 funds will support instrument development and ongoing analyses to identify a suitable satellite platform for hosting this sensor, as well as beginning the necessary integration work for this effort.” 
In January 2008, NASA and NOAA announced they would restore the Clouds and Earth Energy Systems (CERES) instrument on NPP.

Subsequently, the Ozone Mapping and Profiler Suite Limb (OMPS-limb) was restored to NPP. It is possible it will be restored on NPOESS in the future. The instrument has the capability to determine ozone profiles below the peak concentration in the stratosphere. 

In May 2008 the decision was announced to remanifest the Total Solar Irradiance Sensor (TSIS) on the first NPOESS satellite C1. This adds one Environmental Data Record (EDR). 

The MIS sensor replaces CMIS with a less complex instrument. Whether its EDRs that employ the lower frequencies will be degraded will be determined when the MIS sensor is defined.
  

As a result of the initial and subsequent changes, the configuration of instruments to be on NPOESS as of April 2008 is:

C1: VIIRS, CrIS, ATMS, OMPS, CERES, SEM, TSIS, Search and Rescue, A-DCS.

C2: VIIRS, MIS, Search and Rescue, A-DCS.
Future modifications will be facilitated by equipment that makes it easier to change instruments. The NPP and NPOESS satellites all have plugs which make them plug-and-play. They also have harnesses with holes, wires, connectors and power, which allow for modification.

Efforts are underway to find host satellites and funding for additions to NPOESS or other satellites for some demanifested instruments. Nunn-McCurdy decisions emphasized continuation of NASA’s Earth Observation System (EOS) capabilities and observations and extension of existing Climate Data Records (CDRs) rather than the initiation of many new CDRs. The emphasis is being modified somewhat to accommodate climate interests. Actual climate developments over the next several years could make a difference in the extent of reinstatement of capabilities on NPOESS or other satellites.

Use of Other Weather and Environmental Satellite Systems

The European Organization for the Exploitation of Meteorological Satellites (EUMETSAT) MetOp polar orbiting satellites take on a greater role in augmenting NPOESS after the Nunn-McCurdy modifications. MetOp includes an Infrared Atmospheric Sounding Interferometer and Microwave Humidity Sounder. Improving the timeliness of MetOp by putting a receipt site in South America is being examined. This may occur in 2009 or 2010.
The U.S. has opportunities to receive valuable information from satellite systems of other nations. Some of these systems are noted:

· The European Advanced Sounder (IASI) will measure the vertical structure of the atmosphere for temperature, humidity and carbon dioxide, measurements which are of use in numerical weather prediction. IASI takes 3,000 slices vs. about 1,300 for the Cross-track Infrared Sounder (CrIS) and microwave, resulting in greater accuracy and timeliness. It is especially important for long range forecasting. 


· More generally, Europe’s efforts to make earth observation a priority
 will provide complementary observations, opportunities for cooperation and alternatives to U.S. efforts as well. 
· Japan’s Global Change Observation Mission (GCOM) will contribute to measuring global precipitation. GCOM will launch six satellites in 2012 that will continue in operation for 15 years.

· Taiwan’s Constellation Observing System for Meteorology, Ionosphere & Climate (COSMIC) is a joint Taiwan-U.S. project with six satellites designed to obtain inexpensive vertical profiles of temperature and moisture of the upper atmosphere across the globe with high spatial and temporal resolution.
NPOESS Economic Benefits

Scope and Approach

The analysis estimates order of magnitude civilian economic and societal benefits of NPOESS to the U.S., including NPP. The analysis deals with benefits and not with costs or the relationship of benefits to costs. Benefits include both continuity of data and improvements. No allowance is made for possible future changes that might be brought about by changes in priorities, costs, technological opportunities or other factors. The estimates: 

· Revise and update estimates in the initial study to:

· Include benefits of the NPOESS Preparatory Project (NPP). 

· Allow for varying percentages of capability in each year and further refine the estimates. 


· Consider the implications for benefits of the Nunn-McCurdy changes in the NPOESS program and subsequent program changes.


· Examine the effects of alternative start dates and satellite longevity on benefits.


The study builds on estimates of NPOESS benefits developed in a previous study that was based on capabilities of NPOESS, but not NPP, prior to the Nunn-McCurdy reconfiguration.
 Two estimates are provided:

· An “order of magnitude” estimate of the combined benefit of continuity and improvements 

· A “notional” estimate of the value of improvements

Since NPOESS is a replacement for POES and other satellites, its main benefit is in providing continuity in capabilities. 

Interest is in the contribution of NPOESS data and products to the U.S. economy and to addressing both immediate and long term climate and environmental impacts on the U.S. These benefits depend on how the information is used and the ultimate outcomes of that use. Benefits are net of costs required to obtain them, whether incurred by the weather enterprise or elsewhere in the economy. 
Economic benefits are defined to include a broad set of both monetary and social benefits. Social benefits encompass the value of such factors as improvements in health and safety, reduction in deaths, savings in households’ time and improvements in the environment. Social benefits can be very large, but difficult to quantify. However, illustrative magnitudes can be instructive.
Previous Benefit Measurement
The initial study on which this draws in part, derived estimates of benefits to the U.S. for NPOESS but not NPP. 
 Benefits were based on studies of the economic contribution of improved weather forecasts. Findings of the weather econometric model of the United States economy developed by Lazo and his associates (Harrod, et. al.) 
 were adapted to obtain an 

estimate that largely reflects impacts on business and government (see text box for technical details). Estimates of weather impacts and benefits of improvements for a range of economic sectors and from a household survey also were examined.
 Studies of GOES benefits confirm the orders of magnitude of the NPOESS benefits estimated in the initial and the present study.

Appendix B excerpts the earlier review of benefit studies for NPOESS and GOES. The initial study assumed that adverse weather and short term climate impacts on the economy as estimated by the model can be reduced by 10% by the availability of forecasts, warnings and information before, during and after weather events.
 Furthermore, it was assumed that 10% of the gain (1% of the total weather impact) is due to the NPOESS program (the rest being the share of other public and private efforts at measurement, analysis and dissemination of weather information and also the cost of responses to reduce weather impacts). The estimated range of NPOESS benefits was reduced by 30% to reflect the contributions of other satellites (POES, DSMP and MetOp) to the NPOESS system during various periods of its operation. A 50% allowance was added for unmeasured effects and non-economic benefits and for effects of economic growth. 

Benefits were estimated for the combination of replacement and improvement to be of the order of magnitude of $.90-$1.20 billion per year as an average over the 14 years of NPOESS primary service to 2026.
 The benefit of improvements of NPOESS over POES and related systems alone was illustrated to be possibly $.1 billion - $.4 billion per year. The time path of benefits was not considered.
Methods for Revised Benefit Estimates for the Configuration Prior to Nunn-McCurdy
Values of the revised benefits prior to Nunn-McCurdy are included in the discussion of benefits after the program changes in the next section. Methods are summarized in Appendix A.

The estimates from the earlier study
 are revised and updated. The current estimates incorporate values of household benefits from Lazo and Chestnut,
 include NPP, allow for the phase in of benefits with early stages of program development, provide revised allowances for underestimated benefits in the national econometric model and for environmental benefits and include illustrative values for climate benefits, Benefits are in dollars of year 2008 purchasing power. Real economic growth, e.g. economic growth above inflation, of 2% per year is included.
 

Incorporation of Benefits to Households

The initial study adapted estimates of benefits from a national econometric model that largely reflected benefits for business and government but did not explicitly include benefits to households that were not captured by the econometric model. The saving of consumer’s time outside of work is not captured in the econometric model of the effects of weather on the economy. It can be a large part of households’ willingness to pay for weather information since there are about 110 million households, and economists place the value of an hour of an average consumer’s time saved at over $10. 

Some household benefits already are included in the estimates based on the national econometric model. For example, if individuals are more productive on the job because they are less often late to work because of weather, are less frequently tied up in weather-induced traffic jams while working, or use their “leisure” time more efficiently so they spend less time on personal tasks while on the job, that will raise GDP. Some of this may be captured in what individuals report as their willingness to pay for weather information because they value their job performance and may think of it as linked to pay. To the extent that is the case, adding all of the household study benefits would involve some double counting, so only half of the benefits in the household study are added in. 
The Lazo and Chestnut household study estimated the value households place on current and improved weather forecasts. Individuals were queried about preferences for four attributes of forecasts: frequency of updates, accuracy of 1-day forecasts, accuracy of multi-day forecasts and geographic detail. Their willingness to pay for various levels of improvement was elicited. Extrapolating from the sample to national levels, the study found that the annual value of current weather forecasts in 2001 dollars was $11.4 billion and value of improvements in all forecasts to their maximum level of 95% accuracy was $1.73 billion.
 These were updated in our initial study for inflation and economic growth from 2002 to 2007. The updated values were $15.8 billion for current forecasts and $2.39 billion for the value of improvements. 

The present study raises the estimates developed based on the econometric model by one-half of those in the household study to more fully reflect the sum of business, government and household benefits.
 Household benefits of improvements in weather information also are taken into account in providing “notional” estimates of the overall value of improvements. 
Benefit Estimates with Inclusion of NPP and Allowance for Phase-In of Capabilities
An estimate is made of the combined benefits of NPP and NPOESS. The NDE Cost Effectiveness Analysis
 estimated benefits for each year from 2010 to 2017, including the years 2010 to 2012 that cover NPP. The benefits in the NDE study are roughly proportional to the cumulative number of new data products in each of the years. The NDE year-by-year pattern is used to estimate variation and benefits during the period of NPOESS operation through 2017. The NDE study shows a peak number of products and benefits in its final year covered of 2017. Here it is assumed that the peak benefits continue thereafter. 
Adjustment for Underestimation in National Econometric Model and of Other Environmental and Safety Benefits 
The benefit estimate for NPOESS is raised by 30% to account in a rough way for the following:

· The limited number of measures used to determine year-to-year variation in weather and climate that were quantified by Harrod et. al. in their econometric model 
 tend to understate impacts of weather relative to what would be revealed with a more complete set of measures.


· The estimation by Harrod et. al. did not include the effects of variation in weather within years, which has additional impacts that can get averaged out in annual data. 


· Environmental and safety benefits beyond those reflected in households’ willingness to pay are an important part of the allowance. Households may not be fully willing to pay the costs of providing benefits to a broader community fro which they benefit. Those benefits include saving of lives and reduced injury which have a high economic value.
 
Illustrative Benefits Related to Climate Change

Benefits of policies to deal with climate change can include reduced loss of incomes and assets and non-economic benefits such as those to life, health and the environment. They also can include reduction in associated global conflicts, as recent riots in response to food price increases demonstrate.
 The magnitude of benefits from mitigating or adapting to effects of climate change is highly uncertain since estimates of the effects of climate change vary greatly, there is no clear indication of how much such knowledge leads to action and knowledge is limited about the overall effectiveness of action. 
Both the economic impacts and the potential expenditures in dealing with climate change have been estimated in the tens of trillions of dollars globally over the coming decades. Hence the benefits could be quite large.
 While a number of studies show that “…the costs of mitigation could be reduced if policies are well-designed and accepted by a broad group of countries,”
 it cannot be assumed that this will be the case. Nevertheless, good information can increase the likelihood that more effective and less costly policies will prevail.

The IMF World Economic Outlook for April 2008 provides an excellent review of the evidence on the economic and societal effects of climate change. Studies show mean losses between 0% and 3% of world GDP for a 3(C warming from 1990-2000 levels. with losses in the area of one half percent of GDP for the United States.
 While greater increases in temperature would produce greater losses, the mechanisms that could produce more extreme changes are just beginning to be understood and their probabilities are very uncertain. 
Nordhaus and Boyer estimated the total cost of global warming to the U.S. at a present discounted value of $4 trillion. This compared with a present value of U.S. GDP of about $100 trillion.
 

Teisberg notes that Nordhaus and Popp that considered the economic gains from eliminating uncertainty about climate change and found that resolution of uncertainty now rather than in 20 years would have a benefit of $12 billion dollars of 1990 purchasing power in reduced climate change damages, but would entail a $6 billion higher cost of reducing emissions. An earlier study by Peck and Teisberg is noted that showed benefits of uncertainty resolution now vs. in 40 years in reduction of climate damages of $9 billion.
,

In his latest study, Nordhaus estimated under one scenario that:

“The net present value global benefit of the optimal policy is $3 trillion relative to no controls. This total involves $2 trillion of abatement costs and $5 trillion of reduced climatic damages. Note that even after the optimal policy has been taken, there will still be substantial residual damages from climate change, which we estimate to be $17 trillion. The reason that more of the climate damages are not eliminated is that the additional abatement would cost more than the additional reduction in damages.”

Benefits are attributable to a great many actions and expenditures around the world. With less than optimal policies, costs of actions could exceed benefits.

NPOESS information and products along with analyses, models and projections based on it can make an important contribution to addressing long term climate change by measuring climate change, contributing to the integration of weather and climate information, and facilitating the measurement of impacts of climate change and policies. The result can be improved understanding that lead to more certain and successful actions to both modify climate change and to adapt to it.

While the U.S. has about 21% of world GDP 
 and a large share of physical assets, the damage from climate change is significantly lower than the global average relative to GDP. With GDP at around $14.5 trillion in 2008 and climate change impacts possibly around the approximately 0.5% of GDP indicated by the IMF, the impact of climate change is around $75 billion per year. 

A plausible magnitude of the benefits of NPOESS associated with U.S. climate change is derived as follows. As with weather it is assumed that climate impacts are reduced by 10% by climate information. Since NPOESS is largely concerned with weather, it is assumed that 1% of the benefits of information are attributable to NPOESS. This is instead of the 10% used for weather since NPOESS is primarily concerned with weather at present. With GDP at about $14.5 trillion in 2008, this implies climate change benefits of NPOESS of $50-$100 million per year (centered on $75 million) starting in 2013, for the configuration before the Nunn-McCurdy changes. These are net of the costs to society of achieving that result.
 The addition of an estimate of climate-related benefits is a major reason that the benefits of NPOESS in this study are higher than those in the earlier study. 
Whether benefits are larger or smaller depends on how important other sources of data are, the damage that climate change causes, the likelihood that the solutions the data facilitate are implemented and the effectiveness of those actions. More extreme scenarios for climate change effects, including dislocations, catastrophes and conflicts, and more optimal policies could make net benefits larger. On the other hand, if costs of policies are as large as or larger than the damage from climate change, as has been shown possible in some models, then even the illustrated magnitudes of benefits may not arise.
Effects of the Nunn-McCurdy and Subsequent Program Changes on Benefits
Allowing for Program Changes

Possible reductions in benefits with the Nunn-McCurdy changes are illustrated in several ways discussed below. Changes were in part offset by relying on other satellites. The benefits of other satellites are not counted as attributable to NPOESS since the primary interest is the return on investments in NPOESS.

1) The number of NPOESS satellites was reduced from 6 to 4 and the associated number of orbits from 3 to 2. This implies retention of 67% of benefits. 
2) The Nunn-McCurdy certification decision and subsequent revisions decreased the number of NPOESS sensors from 13 to 10 and reduced the functionality of four of the 10. A rough calculation of the loss of benefits can be made based on proportionality to number of sensors, treating the value of those with reduced capability at half or their value at full capability. A reduction from 13 to the equivalent of 8 results in 61.5% of the benefits being retained. 

3) A third approach makes adjustments for changes in the number of Environmental Data Records. The number of EDRs is reduced from 55 to 40; however, six are degraded products. Treating the degraded products as having half of their full value results in a reduction from 55 to an equivalent of 34 EDRs or retention of 61.8%. 

The first case calculation is crude. Cases 2 and 3 provide similar values. Case 3, with 61.8% retention of benefits based on the number of EDRs is also similar and is more specifically related to program results so it is used. This does not include any possible later determination that TSIS will be degraded or any possible later restoration of the Ozone Mapping and Profiler Suite Limb (OMPS-limb) or other instruments to later NPOESS satellites.
 

If removed EDRs were assumed to have less value than those retained, reinstatements also would add less. The argument for equal value is that climate benefits, while farther off in time, could be very large.
Estimated Benefit Build-Up and Present Values through 2017 before and after Nunn-McCurdy
Benefit Build-Up Before

Order of magnitude values of the build-up of benefits through 2017 by year before the Nunn-McCurdy changes are illustrated in Table A. NPP is included. Benefits of foreign satellites providing data in place of a more fully configured NPOESS are not included. While NPOESS service both military and civilian purposes, the estimates relate only to civilian uses of the information. Benefits reach a middle value of $2.30 billion per year in 2017. Much of the benefit is for continuity. Ranges are merely illustrative. “Notional” benefits of improvements are 10%-30% of total values. These recognize the relative value of improvements found in a study of households’ willingness to pay for improved weather information. The wide range reflects the uncertainty about their magnitude. Benefits of improvements are included in overall benefits.  

	Table 1. Benefits before Nunn-McCurdy Changes
(billions of 2008 dollars)

	
	benefits of NPOESS
	benefits of improvements

	
	central
	low
	high
	low
	high

	2010
	0.17
	0.15
	0.19
	0.02
	0.06

	2011
	0.50
	0.43
	0.57
	0.05
	0.19

	2012
	0.68
	0.59
	0.78
	0.07
	0.26

	2013
	1.30
	1.10
	1.50
	0.12
	0.46

	2014
	1.53
	1.30
	1.77
	0.14
	0.55

	2015
	1.78
	1.51
	2.05
	0.16
	0.65

	2016
	2.03
	1.73
	2.34
	0.19
	0.74

	2017
	2.30
	1.95
	2.64
	0.21
	0.84


Benefit Build-Up After

Benefits after Nunn-McCurdy and subsequent modifications are estimated at 61.8% of pre-Nunn-McCurdy levels. The resulting values are in Table 2. The middle level benefits build up to $1.4 billion per year in 2017.

	Table 2. Benefits after Nunn-McCurdy Changes
(billions of 2008 dollars)

	
	benefits of NPOESS
	benefits of improvements

	
	central
	low
	high
	low
	high

	2010
	0.11
	0.09
	0.12
	0.01
	0.04

	2011
	0.31
	0.26
	0.35
	0.03
	0.12

	2012
	0.42
	0.36
	0.48
	0.04
	0.16

	2013
	0.80
	0.68
	0.93
	0.07
	0.29

	2014
	0.95
	0.80
	1.09
	0.09
	0.34

	2015
	1.10
	0.93
	1.27
	0.10
	0.40

	2016
	1.26
	1.07
	1.45
	0.12
	0.46

	2017
	1.42
	1.21
	1.63
	0.13
	0.52


Benefit Build-Up after, with Highest Benefit Capabilities Assumed Retained

An alternative calculation in which reduced EDRs are assumed to have half the value of those retained results in higher post-Nunn-McCurdy benefits. This calculation, which reduces benefits to 80.9% of those before the changes instead of 61.8%, is shown for illustrative purposes only. While the capabilities that were retained were thought to have high value because they provide continuity of data records, many which were eliminated could prove important over time in dealing with large long term threats to the environment. Assuming capabilities that are retained have higher value means that removed capabilities would have smaller value if added back in. There is no evident basis for such an assumption. The illustrative benefits with reduced benefits of removed capabilities are:
	Table 2A. Benefits after Nunn-McCurdy Changes with lower benefits for Removed Capabilities 
(billions of 2008 dollars)

	
	benefits of NPOESS
	benefits of improvements

	
	central
	low
	high
	low
	high

	2010
	0.13
	0.11
	0.15
	0.01
	0.05

	2011
	0.37
	0.32
	0.42
	0.04
	0.14

	2012
	0.50
	0.43
	0.57
	0.05
	0.19

	2013
	0.93
	0.79
	1.08
	0.08
	0.33

	2014
	1.08
	0.91
	1.25
	0.10
	0.39

	2015
	1.23
	1.04
	1.42
	0.11
	0.45

	2016
	1.38
	1.17
	1.58
	0.13
	0.50

	2017
	1.52
	1.30
	1.75
	0.14
	0.56


Present Values Before

Next, present values of NPOESS benefits prior to the Nunn-McCurdy changes are calculated for 2008 through 2026 with alternative discount rates of 7%, 5% to 3%.
 For the purposes of calculation, benefits are kept at the 2017 levels through 2026 without an attempt to allow for variation among years. The present values are in dollars of year 2008 purchasing power. The central value of the present value of benefits before the Nunn-McCurdy modifications is $18.1 billion with a discount rate of 5%.  With a 7% discount rate the value decreases to $14.5 billion and at 3% it is $22.9 billion.  

	Table 3. Present Discounted Value of Benefits before Nunn-McCurdy Changes

	discount rate
	benefits of NPOESS
	benefits of improvements

	
	central
	low
	high
	low
	high

	7%
	$14.47 
	$12.29 
	$16.65 
	$1.33 
	$5.30 

	5%
	$18.08 
	$15.36 
	$20.81 
	$1.66 
	$6.63 

	3%
	$22.85 
	$19.40 
	$26.29 
	$2.10 
	$8.37 


Present Values After
The central value of the present value of benefits from 2008 through 2026 is reduced to $11.2 billion after the Nunn-McCurdy and subsequent modifications with a discount rate of 5%. With a 7% discount rate the value is $8.8 billion and at 3% it is $14.1 billion. 

	Table 4. Present Discounted Value of Benefits after Nunn-McCurdy Changes

	discount rate
	benefits of NPOESS
	benefits of improvements

	
	central
	low
	high
	low
	high

	7%
	$8.94 
	$7.59 
	$10.29 
	$0.82 
	$3.28 

	5%
	$11.18 
	$9.49 
	$12.86 
	$1.03 
	$4.10 

	3%
	$14.12 
	$11.99 
	$16.25 
	$1.30 
	$5.17 


A sharp decline in benefits is estimated from the program changes ─ from $18.1 billion to $11.2 billion in the central case with a 5% discount rate. The cost savings must be much smaller because large amounts of cost are either fixed or sunk. That does not assure that the benefits of adding capabilities back in would be large. Program changes were made to reduce complexity to avoid rising costs and delays. To produce benefits in excess of costs, capabilities would have to be restored in ways that contain risk. 

Sensitivity Tests of Effects of Changes in Schedule and Longevity on Benefits
Tests were performed to determine the impact of a one-year and two year delay in NPOESS service, relying on NPP and other satellites in the interim, and of a one year and two year increase in its useful life. The values are with the Nunn-McCurdy restructuring and subsequent changes. The present values in Tables 6-9 are for the full post-Nunn-McCurdy reduction.

A one year delay reduces the value of benefits in the central case with a 5% discount rate from $11.2 billion to $10.0 billion and a two year delay reduces it to $9.6 billion. 

A one year greater length of service increases the value of benefits in the central case with a 5% discount rate from $11.2 billion to $11.8 billion and a two year delay increases it to $12.5 billion. 

Present Values with One Year Delay
	Table 5. Present Discounted Value of Benefits after Nunn-McCurdy Changes with One Year Delay

	discount rate
	benefits of NPOESS
	benefits of improvements

	
	central
	low
	high
	low
	high

	7%
	$7.92 
	$6.73 
	$9.11 
	$0.73 
	$2.90 

	5%
	$10.00 
	$8.50 
	$11.51 
	$0.92 
	$3.67 

	3%
	$12.77 
	$10.84 
	$14.69 
	$1.17 
	$4.68 


Present Values with Two Year Delay

	Table 6. Present Discounted Value of Benefits after Nunn-McCurdy Changes with One Year Delay

	discount rate
	benefits of NPOESS
	benefits of improvements

	
	central
	low
	high
	low
	high

	7%
	$7.61 
	$6.47 
	$8.75 
	$0.70 
	$2.80 

	5%
	$9.62 
	$8.17 
	$11.06 
	$0.89 
	$3.53 

	3%
	$12.28 
	$10.44 
	$14.13 
	$1.13 
	$4.51 


Present Values with One Year Increase in Useful Life
	Table 7. Present Discounted Value of Benefits after Nunn-McCurdy Changes with an Additional Year of Life

	discount rate
	benefits of NPOESS
	benefits of improvements

	
	central
	low
	high
	low
	high

	7%
	$9.39 
	$7.97 
	$10.80 
	$0.86 
	$3.44 

	5%
	$11.83 
	$10.05 
	$13.61 
	$1.09 
	$4.34 

	3%
	$15.08 
	$12.81 
	$17.35 
	$1.39 
	$5.53 


Present Values with Two Year Increase in Useful Life
	Table 8. Present Discounted Value of Benefits after Nunn-McCurdy Changes with Two Additional Years of Life

	discount rate
	benefits of NPOESS
	benefits of improvements

	
	central
	low
	high
	low
	high

	7%
	$9.82 
	$8.34 
	$11.29 
	$0.90 
	$3.60 

	5%
	$12.46 
	$10.58 
	$14.34 
	$1.15 
	$4.57 

	3%
	$16.03 
	$13.61 
	$18.44 
	$1.47 
	$5.87 


National Academies Study: Initial Consideration of Implications for Benefits
Changes to the NPOESS program subsequent to the Nunn-McCurdy review have been influenced by the release of interim materials from National Academies study: “A Strategy to Mitigate the Impact of Sensor Descopes and Demanifests on the NPOESS and GOES-R Spacecraft,” along with pressures from the study’s participants.
 Also, NASA added two missions in response. Other changes proposed by the National Academies have fallen prey to budget limitations. Still others are being discussed for possible restoration to NPOESS or other missions if funding can be obtained. Moreover, funding constraints will limit both immediate and intermediate term restoration. Consequently, release of the NAS final report which is expected in July 2008 may not have a large additional impact. However, the recommendations could be reinforced by concerns about climate changes in the coming years.
Benefits of adding the three instruments that were decided to be restored prior to the release of the NAS report are already included in the estimates in this study. The potential for added benefits, if the National Academies study were to result in a larger long run restoration, is suggested by the magnitudes of the benefits that were calculated in this study for the configuration prior to Nunn-McCurdy. These provide an upper bound to the benefits that may be possible since full restoration either will not occur or can only occur years later. However, under environmental scenarios that go beyond the estimates, such as more extreme societal costs of climate change and added information leading to adoption of particularly effective policies, benefits could exceed the values based on the Nunn-McCurdy reductions. And of course, other methods could yield different results.

	Table 9. Present Value of Restoration of Benefits at 5% Discount Rate
(billions of 2008 dollars)

	percentage of reduction in benefits restored
	benefits in central case

	  25%
	$1.7

	  50%
	$3.4

	  75%
	$5.2

	100%
	$6.9

	Source: Tables 3 and 4. Numbers vary due to rounding. 


Possible benefits with varying degrees of National Academies-induced restoration (beyond the restoration that has taken place prior to release of the NAS final report) are illustrated by taking percentages in between the pre-Nunn-McCurdy benefits (100%) and the benefits with the presently planned configuration (61.8%). Examples of the added present values of benefits for the central case with a 5% discount rate are presented in Table 9 for various percentages of the pre- and post-Nunn-McCurdy estimates. Full restoration would increase benefits by $6.9 billion in the example. Table 9 also can be used to calculate how much of the benefits would be offset by a cost escalation of a particular magnitude. 

The possible loss with delay was indicated in calculations earlier in this report. Those values can be used to ask how large benefits of further restorations would have to be in order to offset the loss of benefits if they produced a delay of a given length, assuming no accompanying increase in costs.  

Additional Opportunities to Assess NPOESS Benefits
When the National Academies final report is released it may be possible to attribute some restoration values to particular recommendations. Benefit measures can be refined and extended in several ways.   

· Consider how the strategies NAS proposes could affect the value of NPOESS benefits.

· Assess how benefits could vary with alternative proposals/scenarios for NPOESS evolution that may be identified by NOAA in response to or as alternatives to the NAS recommendations.

· Consider possible implications for benefits of other scenarios such as OSTP recommendations.


· Explore use of judgments of experts for determining the relative values of benefits of instruments as a way of allocating benefits among present instruments and considering relative values of additional instruments, moving beyond the limitations of estimation that relies on numbers of EDRs. 

· Analyze the potential benefits of NPOESS for selected types of high impact weather events or actual events, considering alternative scenarios for weather intensity and population vulnerability.
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Appendices

Appendix A: Summary of Benefit Calculation Methods and Assumptions
Key methods and assumptions are summarized below. Improvements and extensions involve components that both raise and lower estimates from those in the earlier study.

Weather and Short term climate benefits

Adaptation and update of estimates from national econometric model of effects of weather on the economy.
Addition of half of benefits determined in household study of willingness to pay to reflect benefits not captured in national econometric model.
Weather and climate assumptions

Adverse weather and short term climate impacts (as estimated based on the national econometric model) are assumed to be reduced by 10% by the availability of forecasts, warnings and information.
10% of the gain from the forecasts, warnings and weather information (1% of the weather impacts) is attributed to the NPOESS program, the rest being the share of other public and private efforts at measurement, analysis and dissemination of weather information and also the cost of responses to reduce weather impacts.
Benefits are reduced by 30% to allow for the contribution of non-NPOESS satellites to the NPOESS program. 

An allowance of $50-$100 million per year is added for long term climate-related benefits prior to Nunn-McCurdy.
Adjustment for underestimation and unmeasured economic, environmental and climate impacts

The benefit estimate for NPOESS is raised by 30% to roughly account for 1) incompleteness of available estimate of weather effects on economy in the econometric model due to using a limited number of measures of weather, 2) exclusion of intra-year variation in the econometric model, and 3) environmental and safety benefits beyond those reflected in households’ willingness to pay.

Benefits of NPOESS associated with climate change are illustrated for the United States at $50-$100 million per year (centered on $75 million) starting in 2013, for the configuration before the Nunn-McCurdy changes. 

A reduction is applied for Nunn-McCurdy and subsequent changes to 61.8% of what the benefit would have been with the configuration prior to Nunn-McCurdy. The reduction is based on number of EDRs, with those having reduced capability counted at half. 

An alternative calculation illustrates what benefits would be if removed capabilities were half as important to the economy and society as those retained. It results in a reduction in benefits to 80.9% of pre-Nunn-McCurdy values.
Alternative benefits are calculated if satellites were delayed or lasted longer, based on shifting benefits among years. Estimates are for:
A one year and a two year delay in operation.
A one year and a two year additional useful life.
Benefits are in present discounted values of dollars of 2008 purchasing power.

Beyond the initial years, benefits are shown as present discounted values and not annually, because their timing is not calculated beyond the initial buildup of capabilities. The initial phase in through 2017 is calculated based on the number of EDRs by year used in the NDE Cost Effectiveness Analysis.
Effects of using alternative discount rates of 7%, 5% and 3% are shown.

Appendix B: Studies of NPOESS and GOES Benefits as Examined in the Initial Study

This appendix is excerpted from Irving Leveson, NPOESS Civil Benefits and Contributions to U.S. Economic and Environmental Security, report to the NPOESS Integrated Program Office, April 24, 2007.

Original NPOESS Study Estimates
“Estimates specifically of NPOESS benefits for the data exploitation effort only are available from a recent analysis by the NESDIS Office of Systems Development. Estimates for NPOESS are available from an early Mitre Corp. study of four cases Studies also have been done for ship routing and effects of volcanic ash avoidance on commercial aviation. Benefit estimates have been largely focused on forecasts to mitigate the effects of weather. 

The NESDIS Office of Systems Development study developed an estimate of the total benefits of weather satellites of $857 per year in FY06 dollars based on the research summaries in Economic Statistics for NOAA. This was allocated 40% to NPOESS and 60% to GOES. Because of the reliance on non-NOAA satellites such as the European MetOp the result was reduced by half. The value of the NPOESS data exploitation project was taken to account for 20% of the total or $171 million per year. This value is taken as the benefit when all capabilities have been phased in during the period of NPOESS operation. 

Benefits of the data exploitation project for NPP and NPOESS were estimated for each year from 2010 through 2017 (the last year for which costs were projected) in proportion to the cumulative number of new products expected to be available. Benefits for 2017 were the full $171 million. Benefits for the eight years totaled $698 million. The present value of benefits in 2006 dollars was calculated using a discount rate of 5% as $609 million.
 

A 1998 study by Mitre Corp. for the NPOESS Integrated Program Office provided four case studies of the benefits of improvements in the value of weather forecasts that could occur with NPOESS. The study examined aircraft routing, electric power generation, Washington state orchards and Landsat remote sensing. The combined benefit was estimated at $57 million per year. The authors concluded that all direct economic benefits would exceed $100 million per year in dollars of 1998 purchasing power. Only $5 million of the $57 million per year was for Landsat remote sensing — which is no longer included in NPOESS, leaving $52 million.
, 
 

Kite-Powell examined the global value provided by ship routing activities with and without NPOESS from 2007-2027. The study found current benefits from ship routing of $80 million per year (no NPOESS) in dollars of year 2000 purchasing power. Baseline benefits, incorporating future improvements other than those with NPOESS and with volume growth raised the value of benefits to $120 million per year. Total benefits with NPOESS were $215 million per year, resulting in NPOESS benefits of $95 million. About one-fifth of the benefits are for the United States, or $19 million per year.
 

Kite-Powell also estimated the benefits of NPOESS to commercial aviation from volcanic ash avoidance. He found a value of “…at best on the order of $10 million per year…” in year 2000 dollars.
 “

Updates of Other NPOESS Study Estimates
“The available direct studies of NPOESS on economic sectors are updated as follows:

The NESDIS Office of Systems Development study shows benefits for the data exploitation effort only ranging from $102 million 1996 dollars in 2013 to $171 million in 2017.
 Updating by 3% for price changes between 2006 and 2007 raises the full capability benefit of NPOESS to $176 million per year. The present value of benefits for the years 2010-2017 is $627 million at a 5% discount rate, in year 2007 dollars
The combined benefit of aircraft routing, electric power generation and Washington state orchards found in the 1998 Mitre NPOESS study was $52 million.
 (Landsat is not included because of changes in the NPOESS program.) Between 1998 and 2007, nominal GDP rose 60%, resulting in an updated benefit of $83 million in dollars of year 2007 purchasing power.

The Kite-Powell shipping estimate already allows for economic (and population) growth. Benefits of NPOESS in year 2000 dollars were $95 million per year, one-fifth or $19 million of which were estimated to accrue to the United States.
 The value of those benefits in 2007 dollars is $22.6 million per year. 

The Kite-Powell study of volcanic ash-related benefits for commercial aviation estimated benefits of at most $10 million per year in 2000.
 Updating with nominal GDP growth produces a limit of an order of magnitude of $14.6 million in 2007 dollars.” 

Original GOES Study Estimates

“The results of a Mitre cost-benefit analysis of the Geostationary Operational Environmental; Satellite System (GOES) Advanced Baseline Imager and Hyperspectral Environmental Suite of sounder instruments for the next generation GOES-R satellites were reported by NOAA in 2002. Benefits measured were additional benefits achieved from improved information beyond that from continuing with existing capabilities. Benefits were estimated over the expected years of operation of 2012-2027. 

Avoided societal costs were determined in eight case studies of applications for specific industries. The preliminary study found: “The total annual marginal [incremental] benefits from these eight cases alone are approximately $638M with discounted present value (over the GOES-R series lifecycle) of approximately $3.1 B.”
 Adding applications that were not examined in the industries considered and those in other parts of the economy would result in considerably greater benefits.
   

A follow-on Mitre study reported by NOAA in January 2004 added five case studies to the earlier analysis. The previously estimated benefits were valued in total at $875 billion in year 2003 dollars. The added cases raised the total benefits by $599 billion to $1.474 billion. The present discounted value over the operational years 2015-2029 was increased to $7.1 billion.
 The benefits by sector were:

Centrec Consulting Group has just completed a revised study of the benefits of improvements in GOES-R for NOAA’s National Climactic Data Center. The benefits are only for the Advanced Baseline Imager. If the benefits of the Hyperspectral Environmental Suite that was removed from the deployment plan were included, the benefits would be about double. 

The study examined benefits of improved tropical cyclone forecasting for the U.S. coastline from Maine to Texas for property protection, evacuation and for the recreational boating industry, enhanced aviation forecasting, implications of more accurate temperature forecasts for the electricity and natural gas sectors, and benefits of enhanced forecasts in more efficient irrigation of crops. The potential combined annual benefits for the single year 2015 were estimated to exceed $1.2 billion. The present value of the benefits for 2015-2025 were close to $7 billion, with a 7% discount rate above inflation.”

Update of GOES Study Estimates
“Mitre’s Phase III estimate for NOAA of the benefits of the GOES-R imager and sounder for selected industry applications of $1.474 billion per year increases from 2003 to $1.9 billion. Its present discounted value of $7.13 billion increases to $9.1 billion. 

The Centrec study is new and does not need updating. It found that the potential combined annual benefits for the single year 2015 were estimated to exceed $1.2 billion. The present value of the benefits for 2015-2025 was close to $7 billion, with a 7% discount rate above inflation.”

Biography

Dr. Irving Leveson, has strong analytical skills in the fields of economics and social science. He has extensive experience in strategic and economic consulting and research in private industry, non-partisan think tanks, and government. He has been an independent consultant since 1990. He currently is a consultant to the U.S. Department of Commerce and the Aerospace Corporation, and is an Adjunct Fellow at the Hudson Institute. 
Dr. Leveson has provided NOAA with assistance, advice and analytic support on a wide range of economic and social science issues for the last seven years, both working independently and as a member of teams with NOAA personnel. His activities have included conducting a comprehensive examination of external trends affecting NOAA, including technology, business models and public/private sector roles and their implications for NOAA decisions, assisting NOAA in incorporating social science into its planning through a series of briefing books, workshops and discussions for mission goal teams and program and budget offices, examining NOAA programs and plans, assisting with social science study development, examining policies and implementation guidelines for NOAA partnership policy, assisting in the development of a social science plan for weather and water, and analyzing the economic impacts of high impact weather. In these activities he has gained familiarity with NOAA plans, programs and processes and the customers and constituencies with which NOAA is engaged.
His work on satellite-related issues includes conducting a strategic cost-benefit analysis of modernization of the Global Positioning Satellite system with a focus on evolving applications, markets and benefits of the new L2C signal, a major GPS financial analysis study, participating the National Security Space Office GPS architecture study, examining opportunities for utilizing a modernized GPS system in NOAA and estimating benefits of the future evolution of GPS.
Dr. Leveson holds a Ph.D. in economics from Columbia University. He previously served as Director of Economic Studies of the Hudson Institute, Senior Vice President and Director of Research of Hudson Strategy Group, Assistant Administrator for Health Systems Planning for the New York City Health Services Administration and as a research director for the New York City Planning Commission. He also served as economist for the RAND Corporation and the National Bureau of Economic Research. Dr. Leveson is a member of the American Meteorological Society, the Institute of Navigation, the American Economic Association and the National Association for Business Economics. 

NOAA acquires and manages the nation’s operational environmental satellites and, in concert with the National Aeronautics and Space Administration (NASA) and other government or international agencies, leverages research satellite data. This satellite information supports other NOAA offices in the delivery of improved severe storm warnings, short-and long-term weather forecasts, climate predictions, oceanic and ecosystems analyses, and satellite-aided search and rescue services. 





Source: NOAA, Technical Adjustment to the Strategic Plan, draft 3, November 19, 2007, p.22.





“Estimating Average Year Effects of Weather and Climate on the Economy





The estimating procedure takes advantage of the newly available national econometric study of effects of weather and climate on the economy by Lazo and his associates. � Estimates based on national data (top down approach) are more complete that estimates added for selected applications (bottom up approach).


 


Estimating an average effect of weather and year-to-year climate requires considering how the impacts vary in all of the years and not simply the range between extremes of 3.36% of GDP. Lazo and his associates report that the standard deviation of weather impacts equal to .71% of private GPD, about one-fifth of the range. The standard deviation is obtained by squaring each of the values and taking the square root of the sum of the squares. Hence, it gives greater weight to extreme values than would a simple sum of the yearly impacts. 





If the weather impacts were normally distributed across years we would expect the impacts to fall within one standard deviation about 68% of the time. However, weather may have “long tail” or “fat tail” distributions in which a larger proportion of the impacts occur farther from the mean than in a normal distribution. To allow for this we assume that half of the impacts are within one standard deviation of the mean (rather than 68.2% with a normal distribution). With half of the impacts within one standard deviation, one standard deviation gives the average impact in each direction. If effects in each direction are equally important (e.g. positive or negative influences of weather) then the standard deviation is the average impact. 





We also assume that the impact on government is equal to the impact on the private sector. Consequently, the standard deviation can be applied to total GDP. 





With 2007 GDP at about $14.1 trillion, multiplying by the standard deviation of .71% results in an estimated average impact of year-to-year weather and climate changes of $100 billion in year 2007 dollars. 





The impact of weather and climate during the life of NPOESS is expected to be greater than $100 billion for several reasons…”





Source: Irving Leveson, NPOESS Civil Benefits and Contributions to U.S. Economic and Environmental Security, report to the NPOESS Integrated Program Office, April 24, 2007, pp.21-22.








NPOESS Satellite





…61.8% retention of benefits based on the number of EDRs is more specifically related to program results so it is used.
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� The discount rate reflects the cost of capital to finance the investment. The discount rate applies to real (inflation-adjusted) benefits and is the rate above the inflation component of capital costs (e.g. interest rates). The initial study used a discount rate of 7%. The NESDID NDA study and the Centrec study of GOES used a 5% discount rate.
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� Jeffrey K. Lazo, and Lauraine G. Chestnut, Economic Value of Current and Improved Weather Forecasts in the U.S. Household Sector, Stratus Consulting, November 22, 2002.


� This can result in an underestimate because the national econometric model captures weather impacts after adaptation based on weather information that reduces impacts.


� While the pre-Nunn-McCurdy schedule was for NPOESS to operate through 2020, the previous calculations were carried out with the reconfigured end date of 2026.


� Irving Leveson, NPOESS Civil Benefits and Contributions to U.S. Economic and Environmental Security, report to the NPOESS Integrated Program Office, April 24, 2007.


� Jeffrey K. Lazo, and Lauraine G. Chestnut, Economic Value of Current and Improved Weather Forecasts in the U.S. Household Sector, Stratus Consulting, November 22, 2002.
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� Jeffrey K. Lazo, and Lauraine G. Chestnut, Economic Value of Current and Improved Weather Forecasts in the U.S. Household Sector, Stratus Consulting, November 22, 2002.
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� The estimate based on the national econometric model, taken at 1% of $100 billion, was $1 billion per year. The household survey estimate for the contribution of NPOESS is 10% of 15.8 billion or $1.58 billion in 2007 dollars. Half of this is used or $.79 billion. 
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� The estimate would be disproportionately reduced after Nunn-McCurdy because of the removal of environmental sensors. This is part of the reduction in benefits after Nunn-McCurdy that is calculated. 


� Benefits in the present study begin with 2008 rather than 2007. As a result there is less reliance on DSMP, POES, Aqua and METOP. This only slightly offsets some of the increased reliance on non-NPOESS satellites resulting from reduced NPOESS capabilities. 


� An alternative calculation is examined in which it is assumed that the most beneficial products are retained, so the loss is only half of what it would be if the loss were proportional to the change in the number of products.� The benefits in that case are 80.9% of the pre-Nunn-McCurdy values. However, a smaller value for demanifested sensors would imply a smaller value if they are restored. While the benefits of continuity of existing records are important, getting stated on new climate records that will accumulate over time can also have a high value. 


� The discount rate reflects the cost of capital to finance the investment. The discount rate applies to real (inflation-adjusted) benefits and is the rate above the inflation component of capital costs (e.g. interest rates). The discount rate includes a premium to reflect risk for which lenders (equity as well as debt investors for projects in the private sector) must be compensated. The appropriate interest rate for government would take account of federal bond interest rates and also the effects of the additional borrowing on interest rate costs across the Federal debt. There is no general agreement on what an appropriate discount rate is or how it would apply to the period during which the NPOESS investment would be paid off. In fact, the Federal budget situation implies that the additional debt will never be paid off. The initial study used a discount rate of 7%. The NESDID NDA study and the Centrec study of GOES used a 5% discount rate.
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