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Traditional Methods of Temperature Measurements $y
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Remote Sensing: \
Weather Satellites |

(Infrared/microwave
radiometer)

Mesosphere

(Radiosonde)

Stratopause - s - o
N Limitations:
2« Sensor performance can
Upper.air l 'Ir be affected by severe
soundings Stratosphere : weather conditions
E

ozone layer * No continuous temporal
s i | measurements available

Atmospheric
LIDAR

., Troposphere

http://scied.ucar.edu/shortcontent/stratosphere-overview
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e M otivation

To develop reliable and efficient
tools to monitor the dynamical
changes of the earth’satmosphere
in real — time-using cosmiig.rays. .=
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Cosmic Ray Production in Earth’s Atmosphere
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Atmospheric profile and Muon Production Level = Gggasac

Earth’s atmosphere
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Earth’s atmosphere temperature (°F)
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* T(X)W(X)dX

Jxr=0

[z W(X)d(X)

Tess =

T(x): Temperature at atmospheric depth X

W(x): Weight of atmospheric depth X 20Km

depends on particle production

at that depth
15Km
0 :
I Loty
OKm

o =Temperature Coefficient:
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Cosmic Rays as Temperature Gauge

Procedure:
Slu = f(6Teff,S5P,5IN) mmmm) OTeff = g(0lu,dIN,0P)
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L. . Ilya G. Usoskin, Living Rev. Solar Phys., 10 (2013)
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Regression Method

Dr. Xiohang Zhang,
https://scholarworks.gsu.edu/phy_astr_diss/85/

0T 5+ a5[M+b51N+c5[ﬁ+d5]§.v+e§[u-5IN Model parameters =5

\ Cai= n!

k!(n—k)!
Independent Variable Dependentvariables

(Observed Data) (Model parameters) Possible com.bmatlon:31
(Model candidates)

e Partial Least Square technique to compare predictive power (RMSE) using
cross validation of different models
e Best fit model: Least error
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Effective Temperature: using Radiosonde measurements

“ T(X)W(X)dX Missing Radiosonde Data

=0

Less = 12w (30d(x)

Effective Temperature at Yakutsk:01/1985-1 1/2003
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Cosmic Ray Muon and Neutron Counts it

Cosmic Ray Muon Flux Yakutsk:01/1985-12/2003
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Regression analysis and Predictive Power

GeorgiaState
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Reconstruction of Effective Temperature Using CR Data "ty
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* Regression was performed and T, was constructed separately on three different datasets
correspondingto three time periods to compare theresults and plotted together.
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Effect of Short-term Analysis

* Do we still get the same results (Predictive Models) for shorter time period
* Role of neutrons?

10/9/19 Inaugural Workshop on Applications of Cosmic Ray Measurements 16



Y

Predictive Power Comparison vty

Periodic analysis: 4 years data
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Reconstruction of Effective Temperature GeorgaState
(Regression analysis on every 4 years of CR data) Hiversity
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* Regression was performed T was reconstructed separately for each sub dataset.
* Model T =f(l, +Iy) gives best fit for most subsets.
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Periodic analysis: 3 years data

Predictive Power Comparison
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Reconstruction of Effective Temperature Georglaééz

(Regression analysis on every 3 years of CR data) Uritversity
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* Regression was performed T was reconstructed separately for each sub dataset.
* Model T =f(l, +Iy) gives best fit for most subsets.

10/9/19 Inaugural Workshop on Applications of Cosmic Ray Measurements 20



$r

Periodic analysis: 2 years data Pred ictive Power Compa rison Ge&rl%lvisrsta;ltt;
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Reconstruction of Effective Temperature $y

GeorgiaState
(Regression analysis on every 2 years CR data) University
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* Regression was performed T was reconstructed separately for each sub dataset.
* Model T =f(l,) gets betterto capture Ty values for most time intervals.
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Periodic analysis: yearly data Predictive Power Compa rison \QS’
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1993-01

Reconstruction of Effective Temperature
(Regression analysis on yearly CR data)

1989-01

1985-01

Ge¢ 0¢€¢ G¢¢ 0¢¢ Gle 0l S0
()) ainjesadwa | 8AN08YT

AN
Regression was performed T was reconstructed separately for each sub dataset.

* Model Ty = f(l,) gets as good as the model T = f{I, + ).
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Effect of Solar Cycle and Neutron Variation ceorglaéil
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Active Region Count
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solar cycle modulation
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Effective Temperature calculation
for Nagoya, Japan

NAGOYA UNIVERSITY, NAGOYA JAPAN

»Muon Telescope (Nagoya, Japan)

»Neutron monitor (Mt. Norikura,
Japan)

> Radiosonde data was obtained
for nearest station: Hamamatsu

10/9/19 Inaugural Workshop on Applications of Cosmic Ray Measurements 26
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Temperature (K)
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Effective Temperature, Muon And Neutron Data: Nagoya (1980-1997) Georglaééz

University
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Reconstruction of Effective Temperature using CR data

Effective Temperature at Nagoya (1980 - 1997)

ysis

2 years anal

Effective Temperature at Nagoya (1980 - 1997)

5 years analysis
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Unsuccessful mapping of Teff at Nagoya

Reason:

»The Radiosonde temperature measurements
were taken at Hamamatsu

aaaaaaaa

IBARAKI

» Distance from Nagoya to Hamamatsu = 112Km o
» Distance from Nagoya to Mt. Norikura = 241Km

CHIBA

In order to find a statistical model to calculate Effective NS,
Temperature, both Cosmic ray data and radiosonde 7R
informationshall be available at same location. S

10/9/19 Inaugural Workshop on Applications of Cosmic Ray Measurements 29



$r

GeorgiaState
University

Summary

» Effective Temperature was reconstructed using cosmic ray (muon and neutron) data: Cosmic
ray behavingas long distance thermometer!!

o« T

o Can be predicted (pastevents) using available CR records.

 To model Effective temperature, both Radiosonde and CR needs to be available at the same
location.

* For short term weather prediction, Muon flux is sufficient but neutrons are needed to correct
long term solar modulation.
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Cosmic Ray Detectors at GSU Gegégé;z
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upper air soundings

Wyoming University
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Evaluate Predicting Performance of Models
— K-fold Cross Validation

TE~mu

TE ~ neu

TE ~ mu2

TE ~ neu2

TE ~ neumu

TE~ mu3

TE ~ neu3

TE~n2m

TE~ nm2

TE~ mu+ neu

TE~ mu+ mu2

TE ~ mu + neu2

TE~ mu + neumu

TE~ mu+ mu3

TE~ mu+ neu3

split TE~ mu+ n2m

TE~ mu+ nm2

TE ~ neu + mu2

: TE ~ neu + neu2

' : TE ~ neu + neumu

data set 1 : TE~ neu + mu3
1 : TE~ neu + neu3

:TE~neu +n2m

Partial Least Squares

43¢

4941

k data sets

rotate : TE~ neu + nm2
> (P-0,) TE~mi2 + neum
. . . RMSE = :TE~ mu2 + mu3
Model Selection Principles: n TE ~ mu2 + neu3

:TE~”mu2 +n2m
® Choose the onethat has the least RMSE TEmu em2
® choose the simplest one oo
TE~ ez +
:TE~ neumu + mu3
: TE~ neumu + neu3
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