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QOutline

Space Weather and Equatorial Aeronomy

Clustered Instruments

= Incoherent and Coherent Scatter Radars

o LISN

= Magnetometers

= Optical Instruments

= Solar and Astronomical Instruments

Equatorial and Low latitude Ionospheric Effects
due to Planetary Wave Atmospheric forcing



Sun=zartn System: r‘fJ—‘fJ/ J'JI)JJIJJ

SOL

zona de convae
zona de ral

partz'culas y campos.
magnetlcas

/_/

Tlerra |

fotones

superficie = TSRAW viento solar - -
atmosfera -
heliosfera
Eyecmon de masa coronal | ,

not to scale

. superficie
atmosphere
lonosfera .

'.ma_gnetosfera :




T —
Space Weather: Artist View

[Courtesy Su. Basu, CAWSES]
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B field is nearly horizontal Around sunset, F region dynamo develops
Daytime: and competes with E, generates PRE and
ExB goes downward (E westward)

At night upward density gradient is
opposite in direction to g, Rayleigh-Taylor
unstable, allowing plasma density
irregularities to form.

= E-region E is eastward

= Off-equatorial E maps to F above mag.
Equator -> Upward ExB

= Formation of Appleton Anomaly
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JRO-IGP Clustered Instruments

Coverage Coverage

Ne, Te, Ti, Vz, lonosphere 1000 hours JRO 1,2,3,4
VX, %
MST uvw Troposphere, 24 (T,S), daytime > 10 days JRO 1,3
Stratosphere, (M)
Mesosphere
JULIA Irregularity lonosphere 24 4000 hours JRO 2,3
intensity, Vz,
Vx
JULIA-150 Vz lonosphere Daytime 150 days JRO 1,3,4
FPI (AQP, SOFDI, UV, Tn Bottom F Nighttime > 100 days Peru 2
MRH) region Daytime (SOFDI)
Magnetometers Vz lonosphere Daytime 365 days 77°, 75°, 69°, 1,3,4
(JRO, LISN) 56° West
LISN GPS TEC, lonosphere 24 365 days South America 1,2,3
scintillations
lonosondes (JRO, TEC, lonosphere 24 365 days 77°W, 69°W 1,2,3
LISN) scintillations
JASMET-Meteors U,V Mesosphere 24 Campaigns JRO, Piura, HYO 1,3

(*)
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CAWSES Il Task Group 4

- What is the geospace response to variable inputs from
the lower atmosphere?
= Project 1: How do atmospheric waves connect
tropospheric weather with ITM variability?
= Project 2: What is the relation between atmospheric
waves and ionospheric instabilities?

= Project 3: How do the different types of waves interact
as they propagate through the stratosphere to the
ionosphere?

= Project 4: How do thermospheric disturbances
generated by auroral processes interact with the
neutral and ionized atmosphere?
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MST: Lower Atmosphere Winds

WINDS OVER JICAMARCA (MST) — DATE: 13—May—98 to 22—Jun—98
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JULIA Observations

Signal to Noiae Ratioc CCF—SPC Channal{s} — Data: 04—Jan—2003
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JULIA - Imaging (1)
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JULIA - Imaging (2
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Solar Flare Effects on Radar Observations

MST-ISR SNR+1 map West beam
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LISN: Instruments + Database

Stations // Status

Select a Network

LISN [+]

Select an Instrument

Show all instruments E]

MW jicamarca

Lat :-11.952395
Lon : -76.8757134

GPS

status: @

View latest TEC plot
Last Update: 2010-06-15 13:14:59 (UT)

Magnetometer

Status: 0

View latest magnetogram
Last Update: 2010-06-15 08:08:31 (UT)

lonosonde

Status: .

View latest ionogram
Last Update: 2010-01-20 00:37:03 (UT)
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Animated flag images by 3DFlags.com

Data // GPS

Login

Username

Password
(Login]

You can only browse the GPS database,

to download files you need an account.

Look for Station

[LISN

[=]
‘ Peru EI
[=]

[2010

‘March
March

S M TWTF s
123456
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2122 24252627
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Daily files

File name File size View plots
Total Electron Content (TEC) -
piur_100304.dat.gz 545.96 kB Vertical TEC
Rinex Observation file
piur_100304.10d.tar.gz sl
Scintillation (S4 index) .
piur_100304.scn.gz 81.24 kB $4 index, S4 index in Skymap
Position .
piur_100304.505.92 388 Bytes Receiver Position
Binary
piur_100304.nvd.gz 200Mm8
Date: 04/03/2010
PIURA, Peru
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GEOMAGNETISM

HUANCAYO GEOMAGNETIC OBSERVATORY|
o GEOPHYSICAL INSTITUTE OF PERU
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GEOMAGNETIC OBSERVATORORIES BEFORE 1923

Figure 10: Longest continuous series of hourly values before 1923 available in digital format at WDC-CI.



GEOMAGNETISM

HUANCAYO ANNUAL MEAN FROM 1922 TO 2009
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BFE

Denmark
+55.4°
TEO
Mexico
+28.8°

HUA
Peru
-1.8°

HBK Figure 5. Magnetograms recording quiet times. (a) Data
3’;“1}},‘6‘&'@ from five observatories show the horizontal intensity H for

8-12 October 2003. The magnetograms are arranged by

EYR geomagnetic latitude, which is measured relative to the axis
\\W New Zealand of Earth’s tilled dipole. Diurnal variation is prominent, espe-
—47.1° cially for the Huancayo (HUA) observatory located near the

]:50 nT magnetic equator. Note the change in polarity of the varia-
tion at high lafitudes. (b) Observatory data can be used to
map the eleciric currents in the ionosphere that sustain quiet-
time variation. Shown here is a map for noon, Greenwich
Mean Time. Contour lines indicate 10-kA increments; more
densely packed contour lines indicate higher local current density. Red contours indicate clockwise-circulating current; blue
contours, counterclockwise current.

281 282 283 284 285 286
LOCAL DAY NUMBER

SOURCE: Jeffrey J. Love, Magnetic Monitoring of Earth and space, U. S. Geological Survey, Physics Today, February
2008.
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IGP Maghetometer Network 2009
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IGP Magnetometer Network: Collaboration

MAGDAS, Kyushu (Ancon 2002)

CPMN, Kyushu U. (ANC, CNT, GUA — 1994)
OHBM, ERI U. Tokyo, (HUA — 1997)
INTERMAGNET, (HUA. 2003)

SMALL UCLA U. (Jicamarca 1997)

LISN, (P. Maldonado, Leticia, Casleo 2008)
IGP, (DeltaH JIC-PIU), 2000
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MAGNETOMETRO ROJ MAG-103

1- 25m Cable
2- Control Unit
3- XYZ Sensor

4- Sensor Conn.

Total measurement range : +/- 75000 nT

Dynamic range, three selectable : +/- 2500 nT, 1000nT, 250nT
Sensitivity : 2.5mV/nT

Resolution : 0.1 nT

Supply voltages : +12 Vdc / 220Vac

Current consumption : +320 mA

Analog output voltage : +/- 2.5V full

Digital output : USB
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JRO Databases: ISR, JULIA, AH

| JRO Madrigal data access | Simple Madrigal data access - select option...
Selected Instrument: Selected Experiment: Selected dates:
Instrument:
[ Jicamarca IS Radar 1994-2009 3) o Jicamarca IS Radar [ﬁ e 2009-05-13
[E::ITOM(?HI: o (‘plot Data ) ( print Data ) ( download File ) ( view Header&Catalog )
| experlments v
| Choose parameter to plot: |( lon velocity in direction 5 (perp north H l
Year: - = =
[ﬁ | Select Yy axis: ”{ Altitude v 1 ‘
lon velocity in direction 5 (perp north (m/s
Month: . . y - (perp ( ) 30
!‘ May 3| 800 : ke ] THR M 24
__ 700 X 18
May 2009 £ 600 12
= 6
; 500 0
S 400
= -6
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= R
200 18
17 | 18 | 19 | 20 | 21 | 22 | 23 100 et e 1L b s -24
24 [ 25 126 | 27 | 28 | 29 | 30 Local Time: (2009-05-13) ‘

Advanced Filters

| Time: |[ 00 +)-(24 %) “O Time-Average |
| Altitude:“ 0.0 - 885.0 “O Height-Average |
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( Apply Reset
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AREQUIPA A30_FPI - CLEMSON

i | \D/ 1 Stab. Laser Top View

—

Pressure Housing

Swing
Mirror

Cooler

Diagonal FPI
Mirror

Internal View

* Pressurized Camera Etalon FPI

» Optical system: lens 54cm

* Filters: 630nm y 732nm

« CCD camara Andor DU412
Chip CCD 512x512
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AREQUIPAA3O FPI - CLEMSON

Automatic Sky Scanner | o
« Azimuth 0°-180° A §
« Zenith -90° 0 + 90°

Digital inputs: 01111011

Exp rq / act = 180.000 / 180.000 sec

512 x 512 pixels, binned 2 x 2;
total image size is 131072 bytes

Etalon temperature = 21.90 deg C

Etalon pressure = 0.369 volts

B
s
[
S
\ L)

Sky interferogram at 630nm
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Optical Observatory JRO-MRH

—— ST T Location

N — Lat. 11573148
Long. 76 5136.8 W
Alt. 1092 msnm

Features

o Sky Scanner and acrilic cover

. Fabry Perot Etalon 75mm

. Filter: 630nm

. Laser Melles-Griot for calibration

« CCD Camera Andor DU-412, 512x512,

« PC: control and acquisition
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FPI-MRH 630nm IMAGES

O lmage L20100824002.img EEX

ERER Neratamesl- [0
E ‘ | | iy ¥ N >

Acq start 2010-8-24 19:17:46.406
Copy start  2010-8-24 19:18:22.531
az =93.0° ze =179.0° T=-78" Tag=L =

Digital inputs: 00000000 Sky t rf g t 630
Distsibpmip U RR000 Iinterrerogram a nm
512 x 512 pixels, binned 1 x 1;

total image size is 524288 bytes
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Laser Interferogram

Acq start 2010-8-25 19:0: B
Copy start  2010-8-25 19:12:13.843
az =10.0° ze =-45.1" T =-78" Tag=N
Digital inputs: 00000000
Exp rq { act = 210.000 { 210.000 sec
512 x 512 pixels, binned 1 x 1;

total image size is 524288 bytes
Etalon temperature = -33.20 deg C
Etalon pressure = -0.352 volts s
dPeak = 1.11 annuli Vel = 2.22 m{s HVel=3.33 m/s

(Instrument reference)
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All-sky imaging system

All-sky Image with OH
External view of all-sky imager filter (Aug 13-14, 2010)
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Portable FPI System

FPI - Paracas
Location : -13.8, -76.24 Alt: 100msnm
Installed at Fundo Santa Marta, Pisco, Icas

Oct 06-Oct 10.

External View of the Internal view of
FPI trailer Protable FPI
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Solar Physics

Collaboration with Faculty of
Sciences of Ica National
University

Sun Spot observations
Solar Flare observations
Solar Spectroscopy




Radio Astronomy

Before After: Nov. 19" 2010

Radio telescope of 32m is moving manually!



