Space weather,
the atmosphere,.and human_
health on Earth and |n Space
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Evidence accumulates for effects of
space weather - on human..

ohysiolog
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Evidence accumulates for effects of

space weather - on human-

natholog

Geomagnetic Activity and Mortality from
Cardiovascular Disease (CVD) and
Myocardial Infarction (MI)

80 -
MI distributions do
= 60 - not differ (P>0.05),
~ but each differs
n from that of CVD
= (P<0.05) by
i
© Kolmogorov-
1} Smirnov test
a 40 -
20 A
0 T T T T T T T 1
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Time (Days from Storm)

Data from EG Stoupel Archive.

== CVD (BMC, Israel 1974-76; N=659; chi2=191.9; P<0.001)
= M (BMC, Israel 1974-76; N=225; chi2=74.9; P<0.001) BMC: Belingson Med. Center
=== Ml (USSR hospitals 1962-68; N=209; chi2=68.5; P<0.001) P-values test uniform distribution.
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Jocumentation by superposed epocns,
remove-and-replace, and periodicities

shared between environment'and

Subject ID _Reduction* Biological week in human
(gender, age) in HECSD heart rate (HR)

RS _
o ey }P=0.017
HL 7-day/1-day 0
(M, 59y) amplitude (A) ratio (CSD* ™
EK 1) Is dampened in the
(F, 43y) absence of asolar 10
counterpart (blue, still
MEJ: driven after subtraction 07
48y of solar wind) ol
MH yet (not shown)
(F, 81y) 2) it persists (since it is 2.0 ; ‘
genetically anchored) '3 SBP (L\é
Mean + SE 10 ot
P<0.05 : FH
_5'0 _2'5 (') 07 1 T T T T T T T
Change in CSD L
HR-A Ratio (%)** CSD in Presence

of Solar Circaseptan

*CSD: circaseptan (7-day)-to-circadian (1-day) A ratio
**When 7-day component in sunspot area has no 7-day component (as analyzed
by Y.S. Vernova et al., Geomagnetism and Aeronomy 1983; 23: 425-427).
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Shared periodicities include about

5-month cycles found in solar flares

Cis-Half-Year Characterizes Human Circulating Melatonin*

574 {.8 4‘.2 3.6 months

MESOR
24h-Amplitude
| _
I m
o
0.42 year ' | I
. ’ I : =
50 ot I 1800 3
153.4 days, i .
or 75 nHz 20:00
I
I : I I
0.50 0.45 0.40 0.35 0.30
183 164 146 128 110

Period (years/days) [95% confidence interval]
* 172 patients (Oct 1992 - Dec 1995), each providing 4-hourly blood samples for 24 hours in Florence, Italy.
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Shared periodicities include about

5-month cycles found in solar flares

RBS: Heart Rate

3-component model fitted to data in 4-year interval moved by 0.2 year
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Shared periodicities include about

1.3-year cycles found in the.solar
wind

The Trans-year (an ~1.3-year component) in the Cosmos (top 10 rows).
Pathology (myocardial infarction, Ml), and Physiology (bottom 43 rows)*

Period (years)

1.0 1.1 1.2 1.3 14 1.5 1.6
O 1 .l IA 1 , 1 ]
e — ' } Physical
' . 1 .
10 - = variables
Mi
20 1 —tg
f . F *
= el . :
% 207 43records | ==
2 of blood — —
S 40 4 pressure < S S . : i
A .
and heart T S T S
50 { rate from ’ e
13 subjects S s S
_—
60 - \ y ¢ ’_’_‘ ——
70 - Point and 95% confidence interval (CI)

* All differing by non-overlapping 95% Cls from the precise calendar year and many differing
among each other, a putative hint of endogenicity.
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Shared periodicities include about 11-

and 22-year cycles found in solar

Chronomics: ~10.5- and ~21-year cycles in and around us
CHRONOMICS: Period (years)

~10.5- and ~21-YEAR CYCLES AROUND and IN ORGANISMS . L e e e o ober | Secgraphic

Environment 1 aa = Antipodal Geomagnetic Index 10.12 10.63 11.13 1890-1999 110 1/year
aa ENVIRONMENT 2 Kp = Planetary Geomagnetic disturbance ~ 10.32 10.58 10.85 1932-1999 68 1/ month
Kp \ 3 WN = Wolf relative sunspot number 10.37 10.54 10.70 1890-1999 110 1/year
\::.—- 1 4 -Dst = Equatorial geomagnetic disturbance 8.75 10.85 12.96 1973-1999 27 "
WN — 3 10.48 10.51 10.55 1700-1999 300 "
4 5 Bipolarity "Hale Cycle" ** 20.86 21.10 21.26 1890-1999 110 "
st *# <—Computed Hale 2142 21.428 2143 1700-1999 300 .
MICROBIOLOGY bipolarity cycle Biology 6 Prokaryotes: Air Bacterial Sectoring 912 945 981 1970-1982 13 3,744 ttaly
- 6 7 Eukaryotes: Unicellular Algal O, Production  7.79  9.24 11.87  1980-1991 11 324 Germany
Physiology** 8 Mood (RBS) 10.11 11.50 13.41 1966-1998 33 ~5/day USA
EUKARYOTIC UNICELL 9 Time (1-Minute) Estimation (RBS) 9.38 10.29 11.37 1966-1998 33 " "
v f 10 Urinary 17-ketosteroid excretion (CH) 870 930 990 1948-1963 15 1/day Denmark
HUMAN PHYSIOLOGY 11 Peak Expiratory Flow (RBS 1036 11.74 1311 1966-1998 33  ~5/day USA
—p—s 8 12 Respiratory Rate (RBS) 10.13 12.50 17.32 1966-1998 33 " "
* 90 13 Systolic Blood Pressure - SBP (RBS) 9.05 10.21 11.36 1966-1998 33 " "
1 14 Standard Deviation of SBP (YW) 8.85 10.43 1276 1987-1998 11 ~48 | day Japan
}g 15 Diastolic Blood Pressure - DBP (RBS) 10.09 10.98 11.87 1966-1998 33 ~5/day USA
A - 14 16 Standard Deviation of DBP (YW) 6.18 7.82 10.02 1987-1998 11 ~48 | day Japan
* 15 17 Heart Rate - HR (YW) 9.54 1293 17.91 1987-1998 11 " "
* }9 18 Standard Deviation of HR (YW) 8.27 11.52 16.22 1987-1998 11 " "
* 18 Pathology 19 Myocardial Infarction 10.00 10.80 11.70 1960-1996 37 129,205 USA
HUMAN PATHOLOGY 20 Leptospirosis 940 10.80 1240 1949-1995 47 2,907 Slovakia
19 21 Diabetes 7.70 10.40 13.30 1985-1995 11 1,369 "
> 20 Anthropo- Body Weight Boys
21 metry 22 Minnesota 19.53 23.19 27.67 1963-1998 36 2,136,745 USA
ANTHROPOMETRY at birth 23 Alma-AtaRussians  14.99 17.17 20.07 1946-1998 53 9,056  Kazakhstan
Body Weight at birth 24 " Kazakhs  18.39 21.24 2405 1946-1998 53 3,459 "
25 Moscow 10.49 1874-1985 112 5,987 Russia
R * %% Girls
24 26 Minnesota 20.58 23.46 26.83 1963-1998 36 1,039,464 USA
25 27 Alma-Ata Russians 1521 17.75 21.06 1946-1998 53 9,105 Kazakhstan
. M %9 28 " Kazakhs 15.44 2145 2745 1946-1998 53 3,448 "
28 29 Moscow 9.70 10.29 11.01 1874-1985 112 5,840 Russia
=11 gg Both genders
M 30 Denmark 1471 17.94 2268 1973-1994 22 1,166,206 Denmark
Body Length at bAlrth Body Length Boys
- 31 Alma-Ata Russians 15.82 18.58 22.38 1946-1998 53 9,026 Kazakhstan
32 Moscow 18.76 20.28 21.86 1874-1985 112 5,976 Russia
v Girls
- 33 Alma-Ata Russians 16.13 19.20 23.39 1946-1998 53 9,105 Kazakhstan
Head Circumference atbirth 34 " Kazakhs 1572 19.60 2540 1946-1998 53 3,485 "
- 37 35 Moscow 19.05 20.76 22.78 1874-1985 112 5,976 Russia
* 38 Both genders
DEMOGRAPHY 36 Denmark 2081 2355 2655 1973-1994 22 1,166,206  Denmark
N Head Circumference
Natality ~—* 3 37 Boys Moscow 1771 1923 2075 1874-1985 112 5976 Russia
. MOTIVATION Religious activity 38 Girls " 1842 2073 2395 1874-1985 112 5820 "
Jehovah's Witnesseg| < * 40 Demography 39 Birth rate 863 9.43 10.23 1940-1996 57 57 USA
17.61 21.33 25.05 1940-1996
CRIMINALITY Homicide M Motivation 41 Religious activity of Jehovah's Witnesses ~ 17.52 20.44 24.45 1950-1999 50  328,572*  Worldw ide
WARS - 5,653,987%
. Criminality 40 Homicide 899 10.58 12.16 1900-1998 99 99 USA
International battles 19.23 20.35 21.62
1 1 1 v ! 1 ! T T Wars 42 International battles 21.87 21.96 22.06 599BC-1957 2556 2556 Worldw ide
7 9 1 13 15 17 19 21 23 25 27 *95% confidence limit; not show n if cycle is not statistically significant.
Period (years) ** Computed by changing the sign of WN at each WN minimum.

***RBS - Dr. Robert B. Sothern, CH - Dr. Christian Hamburger, YW - Dr. Yoshihiko Watanabe.
*in 1950, * in 1999, pool of 103 plus other unspecified number of sites.




Shared periodicities include about 11-

and 22-year cycles found in solar

131.5+3.27cos(2nt/10.64y-4.44)+8.52cos(2nt/5.91y-2.35)

| About 11-year cycles
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About 11-year cycles are found in
many of the longitudinal records of
blood pressure and heart rate from

normotensive as well as treated
hypertensive subjects

Number of Components\period examined
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Shared périodicities include about

. 35-year cycles found in solar activity

Briickner-Egeson-Lockyer (BEL) Cycle

Historical Macroscopy (top) and Time-Microscopy (bottom)
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Shared périodicities include about

. 35-year cycles found in solar activity

The ~ 35-year
BEL cycle
likely
represents a
modulation of
the solar
activity cycle

Temperature

Duration of ice-free rivers
Rainfall

Wine harvest

Frequency of cold winters

Proton temperature
Sigma(Bx)

Plasma speed

Kp

Na/Np

Wolf numbers*
Heart Rate

Time estimation (15-18)
Time estimation (18-21)

International battles
Military and political events

South English Price Index
Tree Rings (1 tree)
Tree Rings {mean, 11 sequoias)
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Period and 95% Confidence Interval (years)
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Ecologic data
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* Same about 40-year span as that of heart rate of 20-60 year-old man {(RBS), assessed in 3-component model; RBS also

estimated 1 minute by counting; results shown for measurements taken between 15:00 and 18:00 and between 18:00 and 21:00

E: Environment; B: Biosphere




Shared periodicities include about

. 50-year cycles

4000
t = 63.02 (50.33; 75.71) 2A = 180 (80, 260)
10.49 ( ) 20¢( ) . . .
3800 - Transdisciplinary Mapping
= of about 50-year Spectral Components
5, 3600 - .
gg - _
= 3400 - el Natality - USA *
= M = 3501 <t -
et (3467; 3535) Length at birth - Girls | |
S Length at birth - Boys e s—
HFE i i 1 i : Stroke incidence - Czech Republic I —
1880 1900 1920 1940 1960 1980 .
Stroke incidence - Minnesota | |
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Index of Wars - International m
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10 | 1
Wolf Numbers (1900-2010) [ |
§ ’/\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
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E Py, \ Nonlinear Period Estimate (1) and 95% Confidence Interval (years)
5 6 - \ / A
7]
L« R ) AS—
=}
(3]
2 4
[*]
=
. Fitted model, consisting of cosine curves with trial periods of 50 and 21 years
2 6.713 + 2.85c0s(3601/53.260 - 264) + 0.97cos(360t/20.349 - 26) [Ref.: 1890]
0

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
Time (calendar year)

——Homicides in USA - Fitted model

“ National Center for Health Statistics (Homicide rates from the Vital Statistics: http://www.ojp.usdoj.gov/bjs/glance/hmrt.htm)
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Solar signatures are found in mortallty

statistics (sudden cardlac death, suicide)

Transyear: about 1.3-year

Suicides in Minnesota
Referred to Calendar Date of Death (1968 - 2002)

Minnesota 199-2003)

s Sudden Cardiac Deaths

139y (P=0.014) 0.42y
[1.17,1.61 | calendar year (NS) (P=0.009) | 010
0.04 - T half year (NS «—Trend 0.5 Year
(P<0.001)
§ 0.08 - /
> 0.03 - '~ 13Y
2 > peogny) 107 Year
3 e} 0.06 \ooos 1.0 Year
2 Z 7 (P=0.007)
5 0.02 ~
£ ]
< T
3
£ 0.04 -
0.01 4 o
£
NS: Not statistically significant q
0.00 (009 ; ‘ : 0.02
0.0 0.5 1.0 1.5 2.0 2.5
Frequency (cyclesl/year)
0 35 70 105

Frequency (cycles in 35 years)




Transyears characterize atmospheric

compounds

Measurements at Zugspitze/Hohenpeissenberg station, Germany

In addition to prominent

Some Atmospheric Variables daily rhythms in hydrogen
(1998-2005; 8 years) peroxide (H,0,) and higher
Time Pl{)ts organic peroxides (ROOH),

a transyear with a period
of about 1.3 years is

i detected with statistical
: significance along with a

'“ JMU ’ Jku WMH LMML yearly variation.

018 0190 0-00  OLO1 0R02 0103 004 0105 0106 0198 0092 00D O1D0 0002 0103 0104 ORBS 0106
Time {calendar date) Time (calendar date)

Data from S Gilge.




Transyears characterize atmospheric

compounds

Measurements at Zugspitze/Hohenpeissenberg station, Germany

Focus on Low-Frequency Spectral Region

H,0; ROOH
1359 12 4
0357 o0 W 0
0.30 0.0 - )
6.7y
0.25 , 10
N 1.5 10 & 008 1.5¢
& . s 05y —,
[T 0.5y ety 9
T T 005 08
g g |
3 018 3
£ £
< a 004 -
010
0.05 4 0.02
0.00 4— 111
0 1 2 3 4 0 f 2 3 4
Frequency (cycles peryear) Frequency (cycles per year)

Data from S Gilge.




Transyears characterize atmospheric

compounds

Measurements at Zugspitze/Hohenpeissenberg station, Germany

A transyear was further documented to characterize the F10.7 cm
index (2007-2012).

Since F10.7 correlates well with a number of ultraviolet and
visible solar irradiance records, and

since ultraviolet irradiance is absorbed in the upper atmosphere,
which heats the upper atmosphere and ionizes it to create the
ionosphere,

it is likely that periodicities such as the transyear detected in
several atmospheric variables may reflect solar variability,
transmitted through changes occurring in the ionosphere.

Data from S Gilge.




Decadal cycles and economics

Decadal cycles characterize changes in the Earth’s surface temperature

0.12
«— 64.0 years Nonlinear results:
[95%Cl: 61.7, 66.2] Each component fitted separately
0.10 -
209y Global Temperature (185012008)
[20.3, 21.4]

0.08 -
3 314y 9.13y
= [29.5, 33.3] [9.01, 9.25]
S 0.06 - 15.0'y
= il [14.5, 15.5]
a
£

0.04 -

0.02 -

0_00 T T T T T T T T T T T T T T T T T T T T T T T T Y

0.00 0.02 0.04 0.06 0.08 0.10 0.12

Frequency (cycles/year)




Decadal cycles and economics

Value (pounds)

Data from: William Milburn (1813)

Hyde Clarke (1838) first reported an about 11-year economic cycle.

250
Original data
J/ 1125+ 41. 36 cos(2n 5.69)
200 - A t,: 1700-1701 (PR=74%, P<0.001)
150 -
100 +
50 A . . ' . .
Nonlinear point and 95% confidence interval estimates:
Period (years): 10.67 [ 9.61, 11.74]
Amplitude (pounds): 41.36 [23.66, 59.07]
0 T T T T T T
1705 1710 1715 1720 1725 1730 1735

Time (calendar years)

1740

Decadal changes were
guantified for a
number of data
published by William
Milburn in relation to
goods imported by
the Honorable East
India Company
between 1708-1709
and 1733-1734




Cycles in economics and agriculture
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Grain Yield in Romania (1990 - 2002) Correlates with Rainfall

24000 +

22000 - r=0.468, P<0.001
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2 16000 -
>
6 -
2 14000 - 7 IR S
£ -
0 *
12000 -
10000 ; . : ; ‘ ‘ ; ‘
200 300 400 500 600 700 800 900 1000

Average Rainfall (mm)

Decadal changes were also
quantified for agricultural
productivity during nearly
3 decades in Romania.

Total cultivated area and total
production of wheat and rye,
barley, corn, soya and
sunflower in Romania: on
average, all 5 crops follow an
about 10.7-year component.

Data from C Turtoi.



Influence on health at birth.?

Agriculture and economic cycles may affect health via epigenetics.

Twenty one Year Hale Cycle Twenty one Year Hale Cycle Boys

in Birth Statistics from Minnesota in Birth Statistics from Denmark ‘ |
| &= -0,018 (-0.026; -0.011) y

= 52,72 (46.97; 58.47) 2A = 1.64 (0.98; 2.30)
54-  2028(8.76; 21.86) 0,84 (0.22; 1.46)

|
|

-
.

====BW (MN boys) ====BW (MN girls) 101.0 - ~— Length at Birth (Denmark)

== «BW (Denmark) (detrended)

101.0

100.5 -

M=522
53 ‘-‘\ (52.0; 52.4)
]
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8
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»

-
-
/
*\
2
Body Length (cm)

Birth statistic (% of 21-year mean)
8
o
Birth statistic (% of 21-year mean)
8
o
-
-~.
Sy

98.0 T r T , . T T T \ |
1970 1975 1980 1985 1990 1995 1970 1975 1980 1985 1990 1995 ; \}

Time (calendar year) Time (calendar year) 0 | 3

Oscillations with periods of about 50, 21, and 10.5 years have been documented
for anthropometric measurements at birth in Russia, Kazakhstan, Spain,
Denmark, and Minnesota (USA) and during adulthood in Austria.




Mechanisms - Heart
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Geomagnetic storms are associated with a decrease in HRV.
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- Mechanisms - Heart

Who:
Where:
Test:

Reference:

100

©
=]
]

HR-SD (% of Reference)
o
S
|

70 —

50 -

* Gauged by standard deviation (SD} of heart rate (HR); MI = myocardial infarction; CAD = coronary artery disease;

DISTURBANCES (RIGHT) LOWER HEART RATE VARIABILITY*

Orth-Gomer et al.
Sweden

50 men (40-65y) after Ml
or with angina pectoris

50 clinically healthy men

of similar age

Otsuka et al.
Japan

16 patients diagnosed with
CAD within 6 years of ABPM

281 similar patients
without CAD

95%
Confidence
Interval

ABPM = ambulatory blood pressure (and heart rate) monitoring.
62780 Medtronic (Bakken/Halberg) - 14

. Baevsky et al.
Extraterrestrial Space

8 cosmonauts in space
during magnetic storm

41 cosmonauts in space
during quiet conditions

ISCHEMIC HEART DISEASE (LEFT AND MIDDLE) AND EXPOSURE TO GEOMAGNETIC
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A decreased HRV constitutes a cardiovascular disease risk.
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Mechanisms - Brain

Magnetic storms are associated with decreased nocturnal melatonin.

Days in April
2004 L3 14 1516 37 1819 11031 ,12.13.14.15
. vav“\h&"q"‘- M\'
-40
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A g0 7 -
120 ST .
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0
1200
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Mechanisms - Brain

Odds Ratio [95% CI]

100

Mental functions are more closely associated with space weather than
somatic functions.

—
o
1

—
1

0.1

Congruence with Solar Wind Speed (SWS)

0.01

+ 0.05<P<0.10 *0.01<P<0.05 **P<0.01

DBP

Temp

HR SBP Vigor Mood 1MTE aa
Biological Variables Congruent with SWS
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These results are * -
being compiled =%

into an “Atlas of
Chronomes”.

i Franz Halberg

Visit us at https://sites.google.com/a/umn.edu/halbergchronobiologycenter/




