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Nowcast of Atmospheric lonizing Radiation for Aviation Safety (NAIRAS)

Space/Earth System
Models
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HZETRN (physics-based)

Near-Earth Space Environment
*Badhwar/O’Neill GCR Model
*Semi-Physics Cutoff Rigidity

( IGRF+TS05)
*Physics-based Cutoff Rigidity
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NAIRAS Distributed
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Computer Systems
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Electromagnetic
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Observations, Parameters &
Products

Decision Support
Systems, Assessments,
Management Actions

NAIRAS decision support tool
for NOAA/SWPC space
weather forecasts, warnings,
and advisories

NAIRAS available at public
website & NOAA/ADD
experimental aviation-related
weather forecasts,
observations, and analysis

Specific analyses to support '

the decision making

Predict real-time radiation
exposure at airline altitudes
(includes background GCR
and SEP events)

Provide accumulated radiation
exposures for representative
set of domestic, international,
and polar routes

Specific Decisions / Actions

Limit aircrew flight hours to
within recommended annual
and career limits

Alter route and/or altitude
during SEP events

Value & Benefits
to Society

Improvements in the decision-
making, decisions, and actions

First-ever, data-driven, real-time
prediction of biologically harmful
radiation exposure levels at
airline altitudes

Quantitative and qualitative
benefits from the improved
decisions

Comprehensive database of
radiation exposure rates to
formulate recommended annual
and career limits to ionizing
radiation exposure

Comprehensive database of
radiation exposure rates for
airlines to assess cost/risk of
polar routes

Real-time prediction of
radiation exposure levels to
enable optimal balance
between airline cost and air
traveler health risk during
solar storm (SEP) events

Improve understanding of
biological effects of
atmospheric ionizing radiation
on aircrew and passengers
through collaboration of

epidemiological studies by
NIOSH
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FIRST STUDY OF
* US commercial pilot career exposure profile
NIOSH Exposure from individual flight segments:
e Cosmic radiation
* Solar energetic particle events
_— * Chronic circadian disruption

Assessment of “w.
US Commercial Pilots

e FINDINGS
Poste 5/.1Q;.SOC'EF)I Res: * A median pilot incurred
M W * 34.4 mSv GCR and flew through 6 SEPs
in 28 y flying

* 1.92 mSv in the last study year
* Exposure metrics increased markedly 1990+

IMPLICATIONS

* No dose limits for US crew

* Median pilot would trigger EU radiation
monitoring (>1mSv/y)

* A pregnant female pilot could exceed ICRP
guidelines for pregnant radiation workers

* High-exposed pilots at increased risk

Image courtesy of Kanzelhohe Observatory



Outline

NAIRAS Model Overview

NAIRAS Real-Time Products

NAIRAS Radiation Storm Studies

Space Weather: Needed Improvements
Summary Remarks



Nowcast of Atmospheric lonizing Radiation for Aviation Safety (NAIRAS) Model

NOAA/GOES +NASA/ACE Data Cutoff Rigidity (IGRF)
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NAIRAS Real-Time Tabular/Graphics
Products

Streaming Live Since April 2011!

Google NAIRAS

web\index.html




Space

Environment

Technologies

SEP Dose Rate Halloween 2003 (10/29 21UT- 10/31 24UT) at 5km SEP Dose Rate Halloween 2003 (10/29 21UT- 10/31 24UT) at 11km

TO5storm

NAIRAS

Nowcast of Atmospheric lonizing Radiation

Halloween, 2003 10/29 UT21- 10/31 UT24

System

11km (35,000feet) SEP radiative Dose Rate(uSv/hr)

Latitude 60-90N 40-60N 20-40N 0-20N 0-20S 20-40S 40-60S 60-90S
average 10.80 4.87 025 <le2 <le-2 0.49 6.14 11.78
maximum 11.57 11.06 8.26 0.01 <te-2 8.68 11.86  13.67

Flight Name Flight Time Dose Rate Dose Safety Signal
(hours) (uSv/hr) (mSv) 0.05< >0.1

Chicago,IL-Beijing, China 13.50 9.133 0.123 .

New York, NY - London, UK 5.75 9.198 0.053

Chicago, IL - Stockholm, SW  8.42 10.302 0.087

Chicago, IL - Munich, GE 8.75 9.085 0.079

Nominal North Pole 10.00 11.570 0.116 L
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Environment

Technologies Nowcast of Atmospheric lonizing Radiation System

Halloween, 2003 10/29 UT21- 10/31 UT24

11km (35,000feet) SEP radiative Dose Rate(uSv/hr)

Latitude 60-90N 40-60N 20-40N 0-20N 0-20S 20-40S 40-60S 60-90S
average 10.80 4.87 025 <le-2 <le-2 0.49 6.14 11.78
maximum 11.57 11.06 8.26 0.01 <le-2 8.68 11.86 13.67

Flight Name Flight Time Dose Rate Dose Safety Signal
(hours) (uSv/hr) (mSv) 0.05< >0.1

Chicago,IL-Beijing, China 13.50 9.133 0.123 1

New York, NY - London, UK 5.75 9.198 0.053

Chicago, IL - Stockholm, SW  8.42 10.302 0.087

Chicago, IL - Munich, GE 8.75 9.085 0.079

Nominal North Pole 10.00 11.570 0.116 -

SEP dose rate, Halloween 2003, 10/29/21UT - 10/31/24UT SEP dose rate, Halloween 2003, 10/29/21UT - 10/31/24UT SEP dose rate, Halloween 2003, 10/29/21UT - 10/31/24UT
Chicago,IL-Beljing, China Chicago, IL - Stockholm, SW New York, NY - London, UK
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Technologies Nowcast of Atmospheric lonizing Radiation System

Halloween, 2003 10/29 UT21- 10/31 UT24

11km (35,000feet) SEP radiative Dose Rate(uSv/hr)
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Chicago,IL-Beljing, China Chicago, IL - Stockholm, SW New York, NY - London, UK




NAIRAS Real-Time Predictions Available
on iPhone app

Search “SpaceWx”

Space Weather Now
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5km

Halloween 2003

Effective Dose for Halloween 2003 SEP [10/29 (2100 UT)- 10/31(2400 UT)]
T05 Storm Field: October 29,2003 (2100 UT)

GCR SEP GCR+SEP uSv/hr
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5 km:-"

January 2005

Effective Dose for January 20, 2005 (0:00UT-23:00UT)

GCR+SEP i

London,GBR - New York,USA 20
Chicago,USA - Stockholm,SWE0
Chicago,USA - Munich,DEU
Chicago,USA - Beijing,CHN



Carrington Event

e SEP Spectral Fluence [Smart et al., 2006;
Townsend et al., 2006]

— Five measured spectral shapes considered
o August 1972 (soft)
o September 1989 (hard)
— Spectral shapes normalized to >30 MeV proton

fluence determined by impulsive NOy deposition
in polar ice cores [McCracken et al. 2001]

— Lack of detectable increase in annual 1°Be
deposition in polar ice favors a soft spectrum



Carrington Event

 Geomagnetic Storm [Li et al., 2006]

— H-component depression measured in India and
taken as Dst

— Solar wind shock velocity: determined from time
between flare and magnetic disturbance

— Temerin and Li [2002] Dst model fits measured H-
component depression

o Interplanetary Ey = VxBz determine maximum Dst
depression

o Large solar wind density (to calculate dynamic pressure)
needed to reproduce rapid recovery



Carrington 1859

Reconstructed Solar Wind Conditions and Magnetic Index During the 1859 Carrington Event

/ 22

=1570 nT, UT 6 on Sep 2, 1859

18 24 30 36 42 48
Time (hour) Starts at UT 0:00 on Sept. 1, 1859



Carrington 1859

Geomagnetic Cutoff Rigidity of Geomagnetic Quiet
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Carrington 1859

Geomagnetic Cutoff Rigidity of Carrington Event
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Carrington 1859

Effective Dose for 1859 Carrington Event
August 1972 spectrum, 20-90N
uSv/hr
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Carrington 1859

Effective Dose for 1859 Carrington Event
September 1989 spectrum, 20-90N
uSv/hr
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Effective Dose During Halloween 2003 Solar Storm at 11 km
SEP + GCR, Oct 27, UT= 00:30

> 10 Mev/n
> 30 Mev/n
> 60 Mev/n

%
3
™
5
[«] !
&A
>
£
£
o
[+
O
(U]

Dst




Effective Dose for Halloween 2003 (Oct 27- Oct 31) at 11 km
SEP + GCR, Oct 27, UT= 00:00
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Effective Dose During January 2005 Solar Storm at 11km
SEP + GCR, Jan 15, UT= 22
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SEP lon Flux High-Energy Talil
Emerging Science Questions

SEP ion spectral fluence rates
unconstrained by measurements > ~
500 MeV/n

This implies large uncertainties in
atmospheric dose rates

Retrospective SEP dose calculations
differ by order of magnitude [Dyer et
al., 2009]

Need ~ 1 GeV detectors on satellite

Can available world-wide network of
real-time neutron monitor data be
used to constrain high-energy tail for
robust, real-time applications?

— Are neutron monitor yield functions
sufficiently accurate?

— Initially compare with neutron monitor
count rates not used in the fit

— Need future onboard radiation
measurements for definitive V&V

Spectral Fluence Rate {(em*—hr—Mev,/n)™

10

IOEvent—Avemged SEP Spectral Fluence Rate: 10/28 (2100 UT) — 10/31 (2400 UT)
~ T T T T T T Ty

Proton Measurements _

Proton Spectral Fit

S Alpho Measuremanta
_____ Alpha Spectral Fit

anm ! L I R TT] B N S A W I U7 I N N Y -.
107" 10° 10 10 10° 10¢ 16°
Energy {MeV/n}

Potential improvement in
spectral fits by combining
satellite ion flux measurements
with neutron monitor data:

* Protons: ~ 100 keV to ~ 10 GeV
* Alphas: ~ 1 MeV to ~ 5 GeV



Halloween 2003 Geomagnetic Storm

Cutoff Latitude of ~ 20 MeV protons
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dose uncertainty




Flight Path Comparison
Geomagnetic Effects

Geomagratic Cutaff Rigldity Along LHR—JFK Flight Hallowaan 2003 SEP Evant

Effsothee Dosa ot 11 km Along LHR—JFK Flight: Holloween 2003 SEP Evert

w
=3

= — IGRF Cutoff
18 Storn TOS Cuteff (10,28, 2100 UT) 3

AR 3 * LHR-JFK flight path

Storm TOS Cutoff (10/29, 2100 UT]_; . Signiﬁcant diﬁerences

' because flight comes
near to or crosses the

TR Bl pn W w v W g g R open/closed field line

Beomagnetle Cutaff Righdity 4lang Chicogo—Stackhadm Fight: Hollowean 2003 SEP Evert 3?&4!!0: Dao= at 11 km Nong Chicaga—Stockhalm Flight Halawesn 2003 SEP Event b d

EHactive Do Raka (uS0/he)

=

— IGRF Cutaff

—___ Storn TO5 Cutaff {10,723, 2100 UT) =
. — Geomagnetic effects
f introduce a factor ~ 2 or
Ik S 105 utor 10728, 2100 U greater variation in dose

L L L
o 1000 2000 3000 4000 0 1000 2000 000 4000

Chicngo-Stnckhdm Grat Cirde Dirtance (om) Chicogo-Stackham Crat Gircla Oietonce (am) °
Boamagnetla Cutot ong Ehlooge—Belling Flight: Hallosen 2003 SEF Evant 3 EHfecig Dece ol 11 b slong Ghcag-efog Ficht: Halomaen 2003 S€P Exent L 0 R D- P E K ﬂ lght pat h
22

- — IGRF Cutoff
e i. — Limited differences since
23::: y" both models include
Y 1 \l passage into polar cap

b2 . . . , ——Storm T06 Outoff (10,29, 2100 . e .

D 1000 :hiig?.u_l.ﬁgcﬂaogﬁd- n-.u..?ﬁ“g.....j w0 000 ¢ 1000 Bhét&"-l-ﬁgﬁuﬁ'd- n'-h:iognm) o o000 - Slgnlﬁcant dosage IS

seen in both cases



NAIRAS V&V and Data Assimilation
Plan

Model Improvements NAIRAS Model Improvements

Uncertainty Characterization Model Uncertainty Characterization

Kalman Filter Kalman Filter

Real-Time Data Assimilation
Dosimetry V&V

Automatic Radiation Measurements for Aviation Safety
ARMAS

Historical Data
V&V

Physics V&V
NASA-DLR SOFIA

Level 2 Level 2

Two decades
1000 hr/yr
High-altitudes
Latitude Surveys

SET Data Ingest Gateway

Level 0 Level 0 Level 0

Phase | Phase Il Phase Il

Neutron/charged particle
Spectrometers
dosimeters

Rep. Continuous Sl
Single Flights o Global Flights
Flights :
Tech. Demo . . Data Assim.
Inter-calibration

FedEx . Airdat/TAMDAR
Airdat/TAMDAR FedEx/Comm.

PLANET
cosmIC
(Titan)
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ARMAS Program

* ARMAS

— Automated Radiation Measurements for Aviation Safety
 NASA/SBIR project lead by Space Environment
Technologies

— Phase | selected for funding to address Phase | of NAIRAS
Decadal Roadmap for V&V and Data Assimilation of
Radiation Measurements

* ARMAS Team
— Kent Tobiska (Pl), Space Environment Technologies
— Brad Gersey (Co-l), CRESSE, Prairie View A &MV
— Bill Atwell (Collaborator), Boeing
— Chris Mertens (Collaborator/Customer), NASA LaRC



Summary Remarks

* Main Summary

— NAIRAS is now streaming live from our public
website and available as an iPhone app!

— NIOSH statistical study shows median US pilot
would trigger monitoring in EU States

— ICRP prenatal and annual public limits can be
exceeded during high-latitude SEP events

— A Carrington-like event can result in ICRP
prenatal and annual limits exceeded on nearly all
US flights — domestic and international



Backup Slides
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Aircraft Radiation Exposure
Medical Research

Cosmic rays can directly break DNA strands in biological tissue, or
produce chemically active radicals in tissue that alter the cell
function [Wilson et al., 2005, 2003]

— Both can lead to cancer

Other adverse health effects include, but are not limited to,
reproductive disorder and prenatal injury [Lauria et al., 2006;
Waters et al., 2000; Aspholm et al., 1999]

Because aircrew total career dose is received is low doses per
flight, and accumulated slowly over the length of a flying career,
the direct evidence that a person can develop cancer as a result of
cosmic radiation is inconclusive

— Other lifestyle risk factors exist over a flying career

However, radiation protection community accepts the Linear No
Threshold (LNT) theory

— Every radiation exposure will have an effect on human health



Aircraft Radiation Exposure

Recommendations and Actions

* USA

— ICRP recommendations for occupational exposures (< 20 mSv/yr, < 1
mSv during pregnancy)

— ICRP recommendation during pregnancy (< 0.5 mSv in any month)
— ICRP recommendation for public (< 1 mSv)

* Current development of SpWx/aircraft radiation requirements

Radiation measurements/predictions

CPWG
SpWx User

Needs
SpWx User

Radiation assessment ReqUirementS

FAA SpWx
AWG User
Needs

ICAO: International Civil Aviation Organization



NAIRAS/Qantas-TEPC Comparison

Qantas LAX—JFK Flight 107: October 29, 2003
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Dose Rate {uGy/hr) & dH{10)/dt (uSv/hr}

NAIRAS/DLR-TEPC Comparisons
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— e

DUS—MRU Flight (02/13,/2008
14— o DUS=MRY Fight (02/13/2008) — 50 W T T T T ' — 500
- — TEPC dHT(10)/dt F o TEPC dH'(10)/dt
___ TEPC Dose Rate 4 NAIRAS dH'(10)/dt -
120 Liulin Dase Rate (Si) 12—
[ —4p . L —400
r [
=
10 - i PN pp— 4
2
v L
— 2 —300
» £ oL
(=
kY —
- o - 1 i
2 1 _
T ! 1
woog— | 1
—20 § ! ! —200
(=] B ]
_ b 4
Y
)
’ &
' ‘ ‘ l | e i —100
2 "‘“.!'h...l. | l A I 2
,“ v h i
a i 10 ol vy Ty D
0 2 4 _ & ) 8 10 12 0 2 4 6 8 10 12
Elapsed Flight Time (hour) Elapsed Flight Tirme {hour)

TEPC data courtesy of Matthias Meier

FL



o

~

Dose Rate {uGy/hr) & dH'{10)/dt (uSv/hr}

~

o

co

NAIRAS/DLR-TEPC Comparisons
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