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1. Societal benefit area – Energy 
2. Solar Forecasting Improvement Project 
∗ Rapid Refresh and High Resolution Rapid Refresh Models 
∗ Advanced GOES products 

3. RFORE 
4. Future SAR data set for wind speed climatology  
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Presentation Notes
This research is led by ESRL, with the exception of AOML plans to release dropsondes to study potential hurricane impacts on offshore wind farms.
WFIP includes participation by ARL and NWS/NCEP.
POWER includes participation by NWS/NCEP.
SFIP includes participation by NESDIS.



 
 
 

∗ 1. Societal benefit area – Energy 
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U.S. Energy Information Administration: International Energy Outlook 2013 
http://www.eia.gov/forecasts/ieo/ 
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Global energy consumption forecast to grow 
by 56 percent between 2010 and 2040 

2000 

2040 

Presenter
Presentation Notes
The International Energy Outlook 2013 (IEO2013) projects that world energy consumption will grow by 56 percent between 2010 and 2040. Total world energy use rises from 524 quadrillion British thermal units (Btu) in 2010 to 630 quadrillion Btu in 2020 and to 820 quadrillion Btu in 2040 (Figure 1). Much of the growth in energy consumption occurs in countries outside the Organization for Economic Cooperation and Development (OECD),2 known as non-OECD, where demand is driven by strong, long-term economic growth. Energy use in non-OECD countries increases by 90 percent; in OECD countries, the increase is 17 percent. The IEO2013 Reference case does not incorporate prospective legislation or policies that might affect energy markets.
Renewable energy and nuclear power are the world's fastest-growing energy sources, each increasing by 2.5 percent per year. However, fossil fuels continue to supply almost 80 percent of world energy use through 2040. Natural gas is the fastest-growing fossil fuel in the outlook. Global natural gas consumption increases by 1.7 percent per year. Increasing supplies of tight gas, shale gas, and coalbed methane support growth in projected worldwide natural gas use. Coal use grows faster than petroleum and other liquid fuel use until after 2030, mostly because of increases in China's consumption of coal and tepid growth in liquids demand attributed to slow growth in the OECD regions and high sustained oil prices.




5 

Renewable energy is projected to grow 
faster than all other sources globally 

Renewable energy sources are the fastest growing sources of electricity generation in the 
IEO2013 Reference case, at 2.8 percent per year from 2010 to 2040.  
U.S. EIA: International Energy Outlook 2013 (http://www.eia.gov/forecasts/ieo/) 

Presenter
Presentation Notes
World net electricity generation increases by 93 percent in the IEO2013 Reference case, from 20.2 trillion kilowatthours in 2010 to 39.0 trillion kilowatthours in 2040. In general, the growth of electricity demand in the OECD countries, where electricity markets are well established and consumption patterns are mature, is slower than in the non-OECD countries, where at present many people do not have access to electricity. Total net electricity generation in non-OECD countries increases by an average of 3.1 percent per year in the Reference case, led by non-OECD Asia (including China and India), where annual increases average 3.6 percent from 2010 to 2040. In contrast, total net generation in the OECD nations grows by an average of 1.1 percent per year from 2010 to 2040.
In many parts of the world, concerns about security of energy supplies and the environmental consequences of greenhouse gas emissions have spurred government policies that support a projected increase in renewable energy sources. As a result, renewable energy sources are the fastest growing sources of electricity generation in the IEO2013 Reference case, at 2.8 percent per year from 2010 to 2040. After renewable generation, natural gas and nuclear power are the next fastest growing sources of generation, each increasing by 2.5 percent per year. Although coal-fired generation increases by an annual average of only 1.8 percent over the projection period, it remains the largest source of world power generation through 2040 (Figure 6). The outlook for coal, however, could be altered substantially by any future national policies or international agreements aimed at reducing or limiting the growth of greenhouse gas emissions.
�figure data
Almost 80 percent of the projected increase in renewable electricity generation is fueled by hydropower and wind power. The contribution of wind energy, in particular, has grown rapidly over the past decade, from 18 gigawatts of net installed capacity at the end of 2000 to 183 gigawatts at the end of 2010—a trend that continues into the future. Of the 5.4 trillion kilowatthours of new renewable generation added over the projection period, 2.8 trillion kilowatthours (52 percent) is attributed to hydroelectric power and 1.5 trillion kilowatthours (28 percent) to wind. Most of the growth in hydroelectric generation (82 percent) occurs in the non-OECD countries, and more than half of the growth in wind generation (52 percent) occurs in the OECD countries. High construction costs can make the total cost of building and operating renewable generators higher than those for conventional plants. 
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U.S. energy consumption and 
electricity generation projections 
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Electric grid operators must constantly 
balance supply and demand 

Better weather forecasts – across a range of time scales -  are needed to integrated 
wind and solar power, reduce unnecessary fossil reserves, and run the power grid 
most efficiently. 

Presenter
Presentation Notes
Electrical demand (usage) and generation (supply) must be constantly and instantaneously balanced in order to maintain a reliable electric grid.  The variable nature of wind and solar power introduce new challenges to the grid, which has historically depended largely on fossil fuels and nuclear power, both of which are more “dispatchable” and more predictable than wind and solar power. Grid operators are required to maintain various types of reserve generation in order to guarantee that they can meet energy demand virtually always. As more wind and solar power are installed, the need for more accurate forecasts of winds and solar irradiance are required so that grid operators know how much electricity wind and solar plants in various locations can supply at various time frames. The most important time frames are the day-ahead, the next several hours, and the next several minutes. It is NOAA’s mission to provide weather forecasts to support the nation’s economy. DOE and the energy industry have asked NOAA to improve the accuracy of its foundational weather forecasts for wind and solar applications. 
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∗ Solar Forecast Improvement Project  
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∗ We will collaborate with both FOA awardees 
(NCAR and IBM) on all three topics, but most of 
NOAA’s contributions will be in #2 (improved 
irradiance forecast): 
1. Metrics 
2. Solar forecasting 
3. Incorporation of improved forecast into utility and 

ISO ops 
 

∗ We will do this by: 
1. Improving irradiance forecast from RAP and HRRR 
2. Providing verification of model output using 

SURFRAD and ISIS observations 
3. Improved satellite products 
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Solar Forecast Improvement Project 

Acknowledgement and 
thanks to DOE Solar 
Program for funding this 
research.  

Presenter
Presentation Notes
DOE issued a FOA to solicit applications to improve solar forecasting in three time frames:
Intra-hour ramp forecasts – 15-, 30-, 60-, and 180-minute ramps
Short-term forecasts – 15- and 30-minute, and 1-6 hours ahead
Day-ahead forecasts – 12-24 hours ahead
 This FOA is part of DOE’s SunShot Initiative, which aims to reduce the cost of solar energy systems by approximately 75% between 2010 and 2020.

 The FOA’s goal is to reach a targeted accuracy in solar forecasting within three years that represents a significant improvement of state of the art. The FOA covers three main topics.

 The first topic is determination of standardized set of metrics for quantifying forecast accuracy. Since the ultimate purpose of this FOA is to facilitate integration of solar power into the grid, the power system operators are the ultimate users of the improved forecasts and metrics. Potential metrics include system production costs, locational marginal prices, generation curtailment, operating reserves, energy imbalance payments, increased ability of solar power plants to bid and sell into the day-ahead and hour-ahead markets, and performance of conventional (fossil fuel) generators. Following development of a set of metrics and the methodology for determining them, in conjunction with DOE, the next step will be the determination of baseline and target values for each standard metric. 

The second topic of the FOA is research to yield transformational improvements over the state of the art for solar irradiance forecasting. This improved irradiance forecast is then to be integrated into an improved solar power production forecast that will meet the target values of the metrics developed in the first topic. Next, the solar irradiance and power forecasts will be validated, using either existing or new instrumentation.

 Last and most important is the third topic area in which utility companies or Independent System Operators (ISOs) incorporate the improved solar irradiance and power forecasts into their system operations and they quantify the resultant economic and reliability benefits. 

Metrics 
Extreme events: different from ramps because of their enduring impact to power production, e.g., from dust storms, snow storms, etc.
Ramps: Lessons learned from WFIP
Variability estimates: on different times scales – such as day ahead for utility planning and hour/multi-hour ahead
Stat/uncertainty bounds: stat metrics, e.g., RMSE, for evaluating accuracy of fx tool and its components; uncertainty bounds for se in making decisions by users, e.g., utilities and ISOs
Econ/reliability: Save money, reduce reserve requirements
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NCAR’s Approach in Solar 
Forecasting Project 

8:30 AM-10:00 AM: Wednesday, Feb. 5 
Room C204 (9:45 a.m.)  Development of Clear sky models for solar energy using machine learning - G. Cervone, J. Lin, T. C. McCandless, and 
S. Haupt (Joint between the 12th Conf. on Artificial and Computational Intelligence and its Applications to the Environmental Sciences; 
and the Fifth Conference on Weather, Climate, and the New Energy Economy ) 
 
1:30-3:00 P.M. : Thursday, Feb. 6  
Room C114 (1:45 p.m.)  Advances in Predicting Solar Power for Utilities - Sue Ellen Haupt  
Host: Fifth Conference on Weather, Climate, and the New Energy Economy 

Slides courtesy of Sue Haupt, NCAR.  

Presenter
Presentation Notes
Note that in addition to WRF-Solar (includes new assimilation of satellite info), we are also emphasizing the cloud modeling via satellite that Steve Miller at CIRA is doing and the rapid update WRF (now called MADCast - Multi-sensor Advective Dynamic foreCast) that Tom Auligne (NCAR) is doing that has very sophisticated assimilation methods for multiple satellite sensors.
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IBM’s Approach to Solar Forecasting 
Project 

8:30 AM-10:00 AM: Wed., Feb. 5 
Room  C204  (8:45 a.m.) A mulit-scale solar energy 
forecast platform based on machine-learned adaptive 
combination of expert systems -  S. Lu et al.  
(Joint between the 12th Conf. on Artificial and 
Computational Intelligence and its Applications to the 
Environmental Sciences; and the Fifth Conference on 
Weather, Climate, and the New Energy Economy ) 

8:30 AM-10:00 AM: Thurs., Feb. 6 
Room  C114 (8:45 a.m.) Improvements in short-term solar energy forecasting. 
S.Bermudez, S. Lu, M. A. Schappert, T. G. van Kessel, and H. F. Hamann 
(Fifth Conference on Weather, Climate, and the New Energy Economy) 

Slide courtesy of Hendrik Hamann, IBM 

https://ams.confex.com/ams/94Annual/webprogram/Paper237353.html


∗ Testing and improvement of HRRR 
system, which will provide detailed 
cloud (3-d hydrometeor) forecasts for 
use in irradiance forecasting.  

∗ Testing and improvement of Rapid 
Refresh (RAP), which will provide initial 
and boundary conditions for the HRRR 
and serve as the data assimilation 
engine.  

∗ Evaluation of real-time RAP-chem and 
HRRR-chem runs and assimilation cycles 
to provide real-time aerosol forecasts to 
complement HRRR GHI/DHI/DNI 
forecasts. 13 

Improved solar irradiance forecast 
from RAP and HRRR 

Presenter
Presentation Notes
Model 
physics – cumulus parameterization
	Upgrades to Grell-Freitas deep cumulus scheme for RAP
	Evaluation and improvement to shortwave radiation impact of deep convection 
	“Gray-zone” horizontal-scale-dependence for boundary-layer mixing for HRRR
	Shallow cumulus parameterization for HRRR  
	Possible development of  parameterization of partial cloudiness in the fair-weather boundary layer, perhaps based on RH)?	

Radiation
	Infer or extract DNI, DHI, AOD from RRTM shortwave radiation (NCAR is planning on doing this, NOAA will follow NCAR’s lead here)
	Input directly predicted aerosol into s/w radiation scheme (WRF-chem => RAP, HRRR; WRF-Solar => RAP, HRRR???)
	Test other radiation schemes that output DNI or DHI directly if so proposed by NCAR or other WRF community colleagues 
 
Cloud microphysics
	Aerosol-aware microphysics with upgrades once a year (with WRF release) 

Land-surface model--surface layer--PBL—PBL-driven shallow cloudiness (consider as a unit)
Upgrades in this area have ramifications for all types of NWP, solar-forecasting included
Data Assimilation 
cloud and precipitation hydrometeor assimilation
	Upgrades to non-var GSI cloud analysis
	Use of retrieved cloud emissivity from GOES with cloud assimilation
	Better treatment of partial cloudiness
	Use of SURFRAD, ISIS, proprietary solar data that could be converted into some estimate of GSI, AOD, etc.
Upgrades to GSI hybrid for regional scales
Variational cloud / hydrometeor analysis.   (NCAR will take a lead in variational cloud analysis using GSI building off NOAA’s non-var cloud assimilation, NOAA will closely collaborate with NCAR on its variational cloud assimilation)

Other
RAP / HRRR configurations for ESRL real-time upgrades
RAP / HRRR configuration for NCEP implementations (resolution, reduced latency, 
post-processing upgrades, new gridded output fields, etc.)
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RAP and HRRR NWP Models 

The RAP contributes to initialize the 3km High-Resolution Rapid Refresh (HRRR), 
providing a background for a 1-h assimilation cycle with 15-min radar and 3-km GSI 
before the HRRR is initialized.  

Presenter
Presentation Notes
The HRRR is the only hourly updated, radar-initialized, storm-resolving model running at this time over the US (or internationally), to our best knowledge. As a higher-resolution nest inside the hourly-updated Rapid Refresh (and before 4/14/2011, RUC), the HRRR is designed to provide rapidly updated model guidance on convective storms for 
air traffic management 
severe weather forecasting 
NOAA National Weather Service Warn-On Forecast 
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Rapid Refresh 
Hourly Update with Observations 

Satellites 



∗ NOAA algorithms will be generated 
at higher spatial and temporal 
resolution to support this call.  
Processing will be done at a  NOAA 
CI (CIMSS, Madison WI). 

∗ NESDIS will provide a stream of 
real-time products from the NOAA 
GOES Imagers. 

∗ These products will differ from the 
operational products in that they 
will be at the full spatial and 
temporal resolution of the sensor 
(15 minutes and 1 km).  
 16 

Enhanced GOES Products 

Presenter
Presentation Notes
NOAA/NESDIS will provide a stream of real-time products from the NOAA GOES Imagers.  These products will differ from the operational products in that they will be at the full spatial and temporal resolution of the sensor (15 minutes and 1 km).  The spatial coverage of these data will be limited to the contiguous USA. 

The spatial coverage of these data will be limited to the contiguous USA. Cloud product suite includes are cloud type, cloud height, cloud optical thickness, cloud particle size and cloud water path.  

NOAA Operations generates cloud and solar irradiance products hourly with a spatial resolution of 12.5 km (current) and 4km in 2013.  These are available via the NESDIS/GSIP system which runs the PATMOS-x cloud and SASRAB irradiance algorithms.

Algorithms developed by Andrew Heidinger (NOAA).
Solar Irradiance product suite includes GHI and DHI from the SASRAB algorithm developed by Istvan Laszlo (NOAA). 






Resolution increased from 
Standard 4km to 1km 

4km 1km 

1km 

Cloud products and 
related data are 
computed from 
GOES-WEST and 
EAST at the visible 
(1km nominal) 
resolution, every 
~15min over CONUS. 
Pixel level files 
available via ftp. 

vis. reflectance vis. reflectance 

cloud mask cloud water path cloud optical depth 

Slide courtesy Christine 
Molling, UW/CIMSS and Andy 
Heidinger, NOAA/STAR 
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Presenter
Presentation Notes
Page with animation



 
11:00 AM-12:00 PM: Thursday, 6 February 2014 
Session 11  
Wind Forecast Improvement Project (WFIP) 
Location: Room C114 (The Georgia World Congress Center ) 
Host: Fifth Conference on Weather, Climate, and the New Energy Economy 
 18 

Thank you. 

https://ams.confex.com/ams/94Annual/webprogram/Session34621.html
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