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e Why NASA?

Researching Science Questions

 How is the global Earth system changing?

 What are the primary forcings of the Earth
system?

« How does the Earth system respond to
natural and human-induced changes?

« What are the consequences of changes in
the Earth system for human civilization? e

the Earth system? oy [ 2

Capabilities for Science Answers

* New instrumentation on various observing
platforms

Aoy

« New/improved analysis techniques R
« Enhanced modeling and assimilation

Vegetation 610
.
Marine Biota 3
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@ Meteorological Data Sources

NASA’s Global Modeling &  chrwindow contorea at 00 UTe 11 Nov 2007
Assimilation Office (GMAOQ) »-_‘”-1?5”6

The GMAOQ (based at GSFC)
develops and uses
comprehensive models and
assimilation systems that
support NASA’ s Earth science
research enterprise and
contribute to the nation’ s
capabilities in climate, weather
and composition prediction.

Sag_\Nind"s 66,894

 Buoys 12,126
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Global Weather and Climate
Models + Observations = _

. . . Operational (NOAA, DoD)
Assimilation Model Research (NASA)

Operational+Research
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Example Global Parameters

Temperature Information from GMAO GEOS-4
Daily Maximum Air Temperature For July , 2006
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@ Relevant NASA Science Data Sets

GEWEX Surface Radiation Budget: 24+ years of cloud
(from ISCCP), SW and LW fluxes at TOA and Surface

GSW Rel. 3.0 All Sky Surface Downward Flux, 24 Year Average for Jan

GEWEX SRB
SWv3.0
(ISCCP, GMAO)

24 Year Annual
Cycle Surface

Solar Fluxes
(W mr?)

(Jan 1984 —
Dec 2007)

(M
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Relevant NASA Science Data Sets

FLASHFIux: Global TOA and Surface Fluxes within
1 week of observation from Terra and Aqua

CERES FLASHFIux (CERES/MODIS, GMAO)
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Watts per squore meter

Daily Average Solar Irradiance for Feb 2, 2012 (Wm-?)
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@/ NASA Applied Earth Science:
POWER Project

Applied Sciences Goal: The Applied Sciences Key Theme
program extends NASA Earth Science research and
observations for practical use in environmentally-
related decision and policy making.

« Emphasizes partnerships in variety of application Climate & Energy
theme areas R

POWER = Prediction of Worldwide (renewable)
Energy Resource

Objective: Improve the Nation’s public and private

capability for integrating environmental data
from NASA research to support energy

production and increased energy efficiency.

Goals: Through partnerships derive/validate/provide
parameters relevant to industry needs; link to
decision support, transition when possible.

April 24, 2011



NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION

Prediction
Of

Worldwide
Energy
Resource

Home

« SSE-Renewable Energy
« Sustainable Buildings
« Agroclimatology

About the POWER Project
About Renewable Energy
About Sustainable Buildings
About Agroclimatology

http://power.

SSE Parameter Accura

SSE Methodology
POWER Publicatj

larc.nasa.qov

EBcience Mission Directorate

« NASA's Applications Program
« Other Related Sites

Navigation and Help

« FAQs

« Partners

« Release Notes

« Questions/Comments

+ Acknowledgments Please

Provides access
to both
Long-term

and

Near-Term Time
Data Sets

+ NASA Privacy Statement, Disclaimer,
ﬁRSTGO and Accessibility Certification

Your eyt Cick to the U, Covernment

+ Feedback on Langley Products and Services

April 24, 2011

Renewable Energy Parameters

+ Visit NASA gov

Surface meteorology and Solar Energy (SSE-release 6.0) :
A renewable energy resource web site sponsored by NASA's Applied Sciences
Program in the Science Mission Directorate, Applied Sciences Program

Earth Science for Society:Accelerating the realization of economic and societal
benefits from Earth science, information, and technology

Sustainable Buildings Parameters  Agroclimatology Parameters

Processing, archiving, and distributing solar insolation
and meteorological parameters for:

+ SSE-RENEWABLE ENERGY: Satellite and modeled derived data supporting
Renewable Energy Technologies (RET's).
o Over 200 satellite-derived meteorology and solar energy parameters
o Monthly averaged parameters for the period July 1, 1983 through June 30, 2005
o Global coverage on a 1° latitude by 1° longitude grid
o Color plots on both global and regional scales
o Solar energy data for 1195 ground sites

o Data for the RETScreen® Renewable Energy Project Analysis Software

A

« SUSTAINABLE BUILDINGS: Satellite and modeled derived data for the preliminary
design of gsa iated r gy power syst
o Global coverage on a 1° latitude by 1° longitude grid
o Monthly averaged solar radiation over the time period July 1,1983 through
June 30, 2005
o Monthly averaged air temperature and precipitation over the time period
January 1, 1983 through December 31, 2007
o Psychrometer chart and Global and/or regional plots
o Temperature and relatiue humidity on 3-hourly time steps for Continental US (January
1, 1983 - September 30, 2008)
o Near Real-Time Global Radiation and Meteorology:
= Daily averaged solar radiation from July 1, 1983 through near real-time
= Daily humidity and air temperatures from January 1, 1983 and near real-time

« AGROCLIMATOLOGY: Satellite and modeled derived solar and meteorological data
supporting agrotechnology

o Global coverage on a 1° latitude by 1° longitude grid

o Daily total solar radiation from July 1, 1983 through near real-time

o Daily averaged dew point and air temperatures from January 1, 1983 through near
real-time

o Daily maximum and minimum air temperatures from January 1, 1983 through near
real-time

o Daily averaged precipitation from January 1, 1997 - current with two month delay

Question/Comments: POWER Project Team
NASA Official: Paul Stackhouse

+ Contact NASA

Last modified 06/06/2011 09:49:49
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NASA Surface meteorology and Solar Energy - Choices
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NASA Surface meteorology and Solar Energy - Available Tables

Parameters for Sizing Battery or other Energy-storage Systems:

Geometry Inform

Equivalent Number Of NO-SUN Or BLACK Days (days)

Ifl?)ln3‘777 Jan Feb ‘Mar ’Apr May Jun Jul Aug Sep Oct Nov Dec
1 day 1 096 | 095 [ 095 | 093 | 091 [ 092 | 095 | 089 | 092 | 096 | 094 |0.96
3 day | 261 | 238 | 246 | 266 | 247 | 189 | 216 | 239 | 207 | 237 | 246 |244
7 day | 508 | 451 | 453 | 395 | 448 | 333 | 353 | 358 | 361 | 443 | 358 |41
14 day | 705 | 6.4 [ 408 | 531 | 677 | 435 | 398 | 495 | 457 | 539 | 474 [7.12
21 day | 619 | B35 | 500 | 524 | 735 | 493 | 5102 | 602 | 370 | 740 | 582 |844
Month L 460 | 763 | 360 | 526 | 901 | 367 | 427 | 524 | 417 | 681 | 649 | 6.65

Parameter Definition

Parameters for Sizing Meteorology (Temperature):

Monthly Averaged Cooling Degree Days Above 18° C

Meteor Lat 37 Annual
11:2;3_777 Lon -77 }Jan ’Fcb ’Mar ’Apr ’May ’Jun ’Ju] Aug ’Scp ‘Oct ’Nm ’Dcc ‘Su m
22-year Average [22-year Average L0 [0 | 4 [ 22 8 |[189 [257 | 224 [130 (34 | 5 | I | 952
Parameter Definition
Meteor ) .
Lat 37 Meteorology (Wind):
Lon -77 !
,W[_ Monthly Averaged Wind Speed At 50 m Above The Surface Of The Earth (m/s)
Maximum [ {:?)?.777 Jan  Feb ‘Mar ’Apr ‘May ’Jun Jul ’Aug Sep |Oct  Nov Dec ﬁ:‘,g;':glc
[10-year Average 1660 [ 671 667 604 513 488 [434 [4.17 480 [538 [627 [6.65 | 563
Mont
——— |Lat37 Minimum And Maximum Difference From Monthly Averaged Wind Speed At 50 m (%)
Lon -77 Lat 37 Annual
Meteon [22-year Average Lon -77 Jan Feb ‘Mar Apr  May |[Jun |Jul |Aug [Sep |Oct |Nov Dec Average
Minimum Minimum [-13 [ -11 [ -14 [-10 | <13 [ -10 [-10 [ -16 | -8 [-11 | -8 || -1l | -11
Maximum Maximum (B3 8 [ 9 [15 [ 16 [ 9 [ [ w0 1|9 10 |7 11
22-year Average K It is recommended that users of these wind data review . .
Suppoi Minimum K the SSE Methodology. The user may wish to correct for égﬁfgﬂ';:’égﬁg;ﬁgﬁggﬂf%’gn&efg"%:gf ’).:'llt)l;h is
Maximum K biases as well as local effects within the selected grid 11y tak b Py d e .
region. usually taken to be near the tops of vegetated canopies.
o '('Be] Parameter Definition Units Conversion Chart



@ Parameter Validation: Key to Usage

Power validation significant, included in extensive
methodology document

Table I-1: Regression analysis of SSE versus BSRN monthly averaged values for the time |
er
IPET Table I-2: Linear least squares regression analysis of SSE versus NCDC monthly averaged values
~_ for the time period 1983 through 2006
Parameter Slope Intercept R’ RMSE Bias
H
' [Tmax (°C) 0.99 -1.58 0.95 3.12 -1.83
— |Tmin (°C) 1.02 0.10 0.95 2.46 0.24
Hoi Tavg (°C) 1.02 -0.78 0.96 2.13 -0.58
| Tdew (°C) 0.96 -0.80 0.95 2.46 -1.07
RH (%) 0.79 12.72 0.56 9.40 -1.92
Dir .
Heating Degree Days 1.02 12.47 0.93 77.20 17.28
~—— |(degree days)
Cooling Degree Days 0.86 2.36 0.92 28.90 -5.65
(degree days)
Atmospheric Pressure 0.89 102.16 0.74 27.33 -10.20
(hPa)
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@ Decision Support: RETScreen

www.retscreen.net

* Clean Energy Project
Analysis Tool

« Aimed for both
feasibility and detailed
scenario analysis

* RETScreen 4 built on
Excel; New RETScreen
Plus stand-alone

* Partners since 2000

e Over 330,000 users in
36 different languages

N R i o A — TN
YO e ’ 2 5 G I Home

/ . z J
| R NASA Climatology Resource: Ne...

— e FRTg— e A § S
I (8 ® www.retscreen.net/ang/home.php % v & K ©! vahoo
i D Ei. = 7 : a7 o

Natural Resources Canada
www.nrcan.gc.ca /
.25
Contactez-nous |Aide canada.gc.ca
canada.gc.ca

. \ RETScreen® International

Empowering Cleaner Energy Dedi

Training Institute
Training Calenda

RETScreen Software Suite - Download Free

RETScreen Help 8

RETScreen 4 is an Excel-based clean energy project analysis
software tool that helps decision makers quickly and
inexpensively determine the technical and financial viability of
potential renewable energy, energy efficiency and cogeneration
projects.

Click here to download RETScreen 4 (48 MB)

RETScreen Plus is 2 Windows-based energy management
software tool that allows project owners to easily verify the
ongoing energy performance of their facilities.

Click here to download RETScreen PLUS (43 MB)

Date Modified: 201

April 24, 2011
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@ RETScreen’s Reliance on POWER Data

;viﬁ‘l;',t"” cities of RETScreen Climate Database

* In situ used if
present (red)

* If missing uses
NASA (blue)

*If partial missing
supplement with
NASA (most)

- " e

- Direct query of Bl NASA data
Bl |, Situ data

SSE data through~—— — L Y
web Points represent world" s cities (~10,000). Red have in situ

observations. Blue defer to NASA LaRC data sets (~5,000). Data
for locations between points are found through a direct link to SSE.

April 24, 2011 12



@/ Example Usage: RETScreen Clean

Energy Projects

Solarwall® on High School in Northern Canada

www.retscreen.net
Solar Water Heating at Vancouver International Airport

April 24, 2011



@/ Sector Impact:
\ Building Climate Zone Maps

* Derive long-term climate zone maps for building
guidelines — determines building codes

» Assess variability of zones
 Working w/ GMAO (MERRA) and ASHRAE

MERRA 1/2 x 1/2 Climate Zone Map

Annual for 2009
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NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION

Prediction
Of

Worldwide
Energy
Resource

Home

« SSE-Renewable Energy
« Sustainable Buildings
« Agroclimatology

About the POWER Project
About Renewable Energy
About Sustainable Buildings
About Agroclimatology
Global Geometry/Resolution
SSE Parameter Accuracy
SSE Methodology

POWER Publications

Related Links

« Atmospheric Science Data Center
+ Science Mission Directorate

« NASA's Applications Program
« Other Related Sites

Navigation and Help

« FAQs

« Partners

« Release Notes

« Questions/Comments

+ Acknowledgments Please

http://power.

larc.nasa.qov

Provides access
to both
Long-term

and

Near-Term Time
Data Sets

+ NASA Privacy Statement, Disclaimer,
ﬁRSTGO and Accessibility Certification

Your eyt Cick to the U, Covernment

+ Feedback on Langley Products and Services

April 24, 2011

Renewable Energy Parameters

+ Visit NASA gov

Surface meteorology and Solar Energy (SSE-release 6.0) :
A renewable energy resource web site sponsored by NASA's Applied Sciences
Program in the Science Mission Directorate, Applied Sciences Program

Earth Science for Society:Accelerating the realization of economic and societal
benefits from Earth science, information, and technology

Sustainable Buildings Parameters  Agroclimatology Parameters

Processing, archiving, and distributing solar insolation
and meteorological parameters for:

+ SSE-RENEWABLE ENERGY: Satellite and modeled derived data supporting
Renewable Energy Technologies (RET's).
o Over 200 satellite-derived meteorology and solar energy parameters
o Monthly averaged parameters for the period July 1, 1983 through June 30, 2005
o Global coverage on a 1° latitude by 1° longitude grid
o Color plots on both global and regional scales
o Solar energy data for 1195 ground sites

o Data for the RETScreen® Renewable Energy Project Analysis Software

« SUSTAINABLE BUILDINGS: Satellite and modeled derived data for the preliminary
design of gs and iated gy power sy
o Global coverage on a 1° latitude by 1° longitude grid
o Monthly averaged solar radiation over the time period July 1,1983 through
June 30, 2005
o Monthly averaged air temperature and precipitation over the time period
January 1, 1983 through December 31, 2007
o Psychrometer chart and Global and/or regional plots
o Temperature and relatiue humidity on 3-hourly time steps for Continental US (January
1, 1983 - September 30, 2008)
o Near Real-Time Global Radiation and Meteorology:
= Daily averaged solar radiation from July 1, 1983 through near real-time
= Daily humidity and air temperatures from January 1, 1983 and near real-time

_—7

« AGROCLIMATOLOGY: Satellite and modeled derived solar and meteorological data
supporting agrotechnology

o Global coverage on a 1° latitude by 1° longitude grid

o Daily total solar radiation from July 1, 1983 through near real-time

o Daily averaged dew point and air temperatures from January 1, 1983 through near
real-time

o Daily maximum and minimum air temperatures from January 1, 1983 through near
real-time

o Daily averaged precipitation from January 1, 1997 - current with two month delay

Question/Comments: POWER Project Team
NASA Official: Paul Stackhouse

+ Contact NASA

Last modified 06/06/2011 09:49:49
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NASA’s Near Real-time Daily Averaged

Data Time Series

Variable Parameter Units
swv_dwn | Average Insolation Incident On A Horizontal Surface kWh/m”"2/day
lwv_dwn | Average Downward Longwave Radiative Flux kWh/m#2/day
toa_dwn | Average Top-of-atmosphere Insolation kWh/m”*2/day
avg_kt | Average Insolation Clearness Index 0to1.0
clr_sky | Average Clear Sky Insolation On A Horizontal Surface kWh/m”*2/day
clr_kt Average Clear Sky Insolation Clearness Index 0to 1.0
PS Average Atmospheric Pressure kPa
T2M Average Air Temperature At 2 m degrees C
T2MN Minimum Air Temperature At 2 m degrees C
T2MX Maximum Air Temperature At 2 m degrees C
Q2M Average Humidity Ratio At 2 m
RH2M Relative Humidity At 2 m %
DFP2M | Dew/Frost Point Temperature At 2 m degrees C
TSKIN | Average Earth Skin Temperature degrees C
WS10M | Wind Speed At 10 m m/s

April 24, 2011

Note: Precipitation will be included in future data products
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Objective: Enable “users to monitor,
analyze and report key energy
performance data to facility
operators, managers and senior
decision-makers.”

Usage:
1. Determine & obtain building

energy and meteorological
information for any location in
world

2. Use multivariate analysis to
determine system performance
as a function of meteorological
variability

3. Monitoring building energy
performance for system
changes, target higher
efficiency and reporting
verification

File Start

I‘I Ressources naturelles  Natural Resources
Canada Canada

MV N

Energy Monitoring with
RETScreen Plus

Reporting Q

Canadi

[/ [kl

Data  Analytics

Clea

Project information See project database
Project name NASA Langley Solar System

Project location Hampton, VA USA

NASA
Paul Stackhouse

Prepared for
Prepared by

Show settings ¥
. . ( — )
Ip RETScreen - Climate data el =c
_—
| Country - region ( United States of America |
Province / State ( Virginia )
Climate data location [ Newport New: |

Latitude N 371

Longitude E -76.5 Source

Elevation m 16 Ground

Heating design temperature T v 5.1 Ground

Cooling design temperature C | 331 Ground

Earth temperature amplitude T 187 NASA

Daily solar Heating Cooling
radiation - Atmosph Earth degree-day: degree-day:
Month Air temperature Relative humidity  horizontal pressure Wind speed temperature 18°C 10°C
xc - [ xwWh/m¥d -] kPa ~| m/s - T < ¢d ] cd
January 42 66.9% 222 1016 39 25 428 0
February 5.6 66.5% 297 1016 40 45 347 0
March 93 64.3% 3.89 1014 44 87 270 0
April 143 66.0% 504 1012 43 148 111 129
May 190 71.8% 5.59 1012 39 204 0 279
June 236 739% 5.89 1012 37 246 0 408
July 26.2 744% 573 1012 36 262 0 502
August 251 769% 5.29 1013 35 249 0 468
September 217 773% 432 1014 35 215 0 351
October 158 754% 336 1016 34 157 68 180
November 11 71.0% 246 1016 37 101 207 33
December 6.2 68.0% 195 1017 38 44 366 0
Annual 152 711% 406 1014 38 149 1797 2350
Ground Ground Ground NASA G d NASA G d Ground

Measured at m 10 0

April 24, 2011




Monitoring and Targeting Case:
NASA LaRC Badge and Pass Office

..—> SOUTHERNENERGY ENERGY SYSTEMS GROUP
MANAGEMENT

seorsreecrvooioe Badge and Pass Office Solar Energy Project

Installed in September 2010, this 39.5 KW ground-
Overview mounted solar energy system and will produce
around 50,000 kilowatt-hours of electricity each year.
The system consists of 168 photovoltaic modules
mounted in two arrays located behind the Badge
and Pass Office. This project demonstrates the
performance of solar energy and the benefit of
renewable energy being in our overall energy
strategy.

%’ 193 &l 206 &l 38,035
kWh kWh kWh
e T “w

Total energy generated by the Total energy generated by the Total energy generated by the
system today system yesterday system since installation

April 24, 2011
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Monitoring and Targeting Case 1:
NASA LaRC Badge and Pass Office

RETScreen Plus Tool I Step 1: LaRC based CERES
f\ ﬂ 1 FLASHFlux project surface
: \/ o solar flux (blue) vs. Solar
%150— 35 S .
P - € Panel EIeFtrlcaI Output
-, 1 (green) gives excellent
3 correlation.
& & & & & & & d & ' &
Legend
A Electricity V™ Daily solar radiation - tilted (Fixed - 26.0° - 0.0°) 3504
300
250
Step 2: Regression relationship defines -
the system as a function of available -y
solar energy -
2 50+
0
Total Energy = 59,000 kWhr, 18% 01
. greater than specified i S S S S S O
07 Daily solar radiation - tilted (Fixed - 26.0° - 0.0') (Wh/m*/d/day)
£ . . .
g U Step 3: Cumulative differences in output

%,

November 21, end of swamp fires

relative to system function shows noise
but performance steady.

19




POWER for Energy Forecasting

Collaborated with Battelle and Ventyx to evaluation NASA long-term data
sets (GMAO) and high resolution forecasts (SPORT)

B Distribution Corporation Service Area

Ventyx corporation
now including daily
data in “Velocity
Suite” tool for
Energy Utility
Industry

- Gas utilities use daily averaged data
- Most recent daily averaged 4 years of
POWER/FLASHFIux delivered for 4

regions => deliveries continued

VENTYX &2 N R >
FECTY \\\\\

\

INDUSTRY SOLUTIONS ENTERPRISE SOLUTIONS SERVICES

RESOURCES CUSTOMERS ’ COMPANY ’

Home > Enterprise Solutions > Business Operations > Business Operations Products > Ventyx Velocity Suite

Ventyx Velocity Suite

Investment grade data and intelligence

Enterprise Solutions Overview
Work & Asset Operations »

Control Operations »

Technical Mining R Ventyx Velocity Suite provides analysts with the ability to quickly evaluate the
Operations activities of market participants and industry dynamics across commodities using a
single integrated solution. Using Ventyx Velocity Suite, analysts can look at coal
production, daily gas prices, plant capacity factors, weather normalized loads and
transmission all at the same time.

Business Operations ~

Asset Intensive Enterprise
Resource Planning

April 24, 2011

20



@/ Conclusions

« NASA long-term and near-term time data sets are
tailored to energy industry data needs with partnerships
such as with RETScreen and ASHRAE

« Current accuracies sufficient to determine statistics of
meteorological and solar variability for project
feasibility and climatological information (i.e., building
climate zones)

« Time series data together with RETScreen Plus tool
together provide a new capability to assess building
energy system performance at any location in the world.

« The potential usefulness grows as these global data
sets are improved in quality and in resolution, a
byproduct of continuing research

April 24, 2011 21
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Monitoring and Targeting Case 2:

i
[ESSRE=

Apartment Building Cluster, Hoganas, Sweden

« Apartment
building complex
in Sweden

 Use RETScreen
Plus & NASA
temperature data
fo assess energy
usage before and
after energy
efficiency upgrade

April 24, 2011 23



@ Monitoring and Targeting Case 2:
Apartment Building Cluster, Hoganas, Sweden

Pass 1: Identified system upgrade point

Step 1: Regress Heating Degree
Day (16 C) from NASA GEOS 5.2
Reanalysis to Apartment
Complex Energy usage for
entire period

T T T T T T T T T T T T T T T T
~ v ] > D) © A @ o ) K Ky > > ) K Q

Heating degree-days - 16°C (°C-d/day)

Legend

ott Data - Regression /" Baseline Predicted RETscreen Plus TOOI
220
2007 / Energy efficiency improvements implemented Step 2: Evaluate CumU|ative
180+ . . .
difference over entire period
140 — system change clearly
. < shown since fit includes
3 - points before and after
N change
40 -
20
0 N\
W/ 7
40 T T T T T T T T T ]
— s > R o &> o o o & &> N

,B@"Q\; é§"§ ’#g’ & S
April 24, 2011 24



» Monitoring and Targeting Case 2:
”Apartment Building Cluster, Hoganas, Sweden

Pass 2: Define system before change, assess impact

Step 1: Regress Heating Degree
Day (16 C) from NASA GEOS 5.2
Reanalysis to Apartment
Complex Energy usage for
period preceding change

District Energy (MWh/day)

Heating degree-days - 16°C (°C-d/day)

Legend

ot Data - Regression ~ ~ " Baseline Predicted R ETSC ree n PI u s TOOI

- Energy Efficiency Upgrade

0 —.—a —— -

Savings Step 2: Evaluate cumulative
2nd Year: difference over entire period

" | —system change clearly
337 MWhr shown since fit includes
points before and after
change

- Savings 1st —
“ Year: 224 MWhr

CUSUM (MWh)

= Total 2 Year Savings ~ $50,000 US

N > & b Y >

o
%
%,
%

& & o N & hud & N I N »
g g g ¥ ¥ i ¥ &
+ + > » » P> L 0

o & &
April 24, 2011 25



N e a r Re E Northcrn4 zoundary

Center
Western boundary . Eastern boundary
Latitude 43.5
-79 . -78
Please Note: Data sets preceding Ja Longitude -78.5
It is not recommended to use time s
sponsored by NA! SOU[hCl'Il boundary
developed by PO\ 43
Show A Location Map
Data Retrieval Example:
Monthly Av
Ente Latitude? 43 : . .
Note: Download a text file Units conversion charts:

Longitude? -79 Temperature Wind Speed

M%{ Start Date: [ jun [3)( 1 [5)( 2009 3] SE
note: 2 End Date: | May [3)( 31 [#]( 2011 (3] BES Daily Averaged Insolation Incident On A Horizontal Surface
e 3-hourly ten Lat: 43 Lon: -79 Begin: 6/1,2089 End: S5/29/20811
« Agrc enter a
note: 2 T T T T T T
||
+ Aboi Psychromets
+ Abol under Download multiple parameters in column ]
« Abol s o N o o o
« Abol Note: 2 Note: Precipitation usually lags in availabil
« Glot ; : ;
o arameters in the list to the right.
. % Global or re P 8 >
« POV Color
Note: ( —~
| « View ES
. Atm 6
+ Scie
- NAS Interannual iu
« Othe Montl =
- (su S
— Pickup spec 5
. FAQ Globa X
. ﬁ Plot one @ Insolation ¢ g 4
+ Quel onEN‘ Global Da arameter: O Downward b
+ Ac P O Top-of-atm :
opEN‘ Accuracy O Insolation ( o
O Clear Sky 1 n 3
O Clear Sky 1 =
O Surface Air
O Average Ai e
O Minimum /
O Maximum 1 '&# H
O Humidity F 1 L i
O Relative Hi
/ﬁRS'] O Dew/Frost
Tesy + Feedback on Langley Prot O Precipitatic a . 4 1 1 1
O Earth Skin 6/15,20089 18-15-26889 2s15-28108 61520810 18-15-2618 es15-2811
O Wind Spee: Date NASA/SSE
O MERRA I Mon Jun 86 18:88:28 2611

April 24, 2011 26



Monitoring and Targeting Case 1:
NASA LaRC Badge and Pass Office

e RETScreen Plus and NASA resolve

—

system specification misunderstanding

— Contractor provided climatological
specifications for system with constant 20
degree tilt, but system plans showed a 25
degree tilt.

— Original RETScreen Plus analysis using NASA
surface irradiance produced a poor fit with
unexplained behavior.

— Behavior was only explained by changing the
tile angle of the panels in RETScreen Plus.
Subsequent measurements verified that the
system has a 26 degree Hilt.

April 24, 2011
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NASA GEOS 5.2 (1 x 1) vs NCDC Surface Obs

GEOS52 vs NCDC Daily 2 Meter Minimum Temperature (C) 2010
for Summary_All_Stations Range 0-4000 meters
grid_resolution 1x1_degree
y = D0.9828x + 1.0273
Reqrd = 0.9199
Bios = 0.89140
Rmse = 3.5272

40

GEO0S52 vs NCDC Daily Average 2 Meter Temperature (€) 2010

S
‘ e
for Summary_All_Stations Range 0-4000 meters 2
rid resolution 1x1 degree 3
4‘5 1 1 g 1 g g’g‘
y = 0.9965x + 0.0332 eg
—_ Reqrd = 0.9531 Es 0O
) < ||Bios = -0.0064 €5
o [|Rmse = 2.6244 2z
— o D g
. o |a a® 32 20
g o b g ~E
a= 15 z=
E S a
O = ¢ o —40
~ g > 2
w = 2" |& o g
@ 3 Q §o &5
-6 & D o o Q
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FLASHFlux Insclation

Meonthly Averaged for January 2011
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Time Series of Daily Shortwave Surface Fluxes Observed
At The Penn State SURFRAD Site and the FLASHFlux Data
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Scatter Plot of Daily Averaged Shortwave Surface Fluxes Observed at Date
SURFRAD Stations and FLASHFlux Data (June 1, 2008 - May 31, 2010)
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