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Brief introduction
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Jicamarca Radio Observatory

Our main instrument is one of the largest 
incoherent scatter radars in the World.

• It is a research center 
dedicated to study the 
ionosphere and upper 
atmosphere.

• Located at ~20 km east of 
Lima, Peru. (11.95°S, 
76.87°W).

• It is part of a chain of 
ionospheric observatories 
in the American continent.

• Operates a variety of 
instruments: IS and CS 
radars, ionosondes, 
magnetometers, GPS 
receivers, Fabry Perot 
interferometers, all-sky 
cameras, etc.
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Characteristics of the Jicamarca Radar
• Operating frequency: 50 MHz
• Antenna: array of 18,432 half-wave 

dipoles (area of 300x300 m2).
• The antenna is composed of 8x8 

cross-polarized modules that can be 
combined in multiple ways.

• Pointing directions: within 3 degrees 
from on-axis.

• Electronic ABS for North and South 
quarters, phasing in the East and 
West quarters is performed manually. 

• Transmitters: 3 x 1.5 MW peak-
power with 5% duty cycle.  
Fourth TX under repair.

• We also have a set of low-power TXs 
(10 - 20 kW).
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Peculiarities of Jicamarca
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Why at Jicamarca?
• It is under de magnetic Equator (use of large horizontal antenna).

• It was built between 1960-1962. Dr. Ken Bowles, the founder of Jicamarca, 
worked in Peru (with IGP people) during the IGY 1958.

• It is free of electromagnetic interference (surrounded by mountains).
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What do we study at Jicamarca?

• Density, 
temperature, 
composition, 
electric fields 
•Modeling, space 

weather

• Neutral 
atmosphere 
dynamics 
(winds, 
turbulence, 
vertical 
velocities) 
•Meteorology, 

aviation.

• Ionospheric 
Irregularities 
(EEJ, 150-km, 
ESF). 
• SAR, GPS

Meteors
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More about what we study at Jicamarca

• Dynamics of the equatorial 
ionosphere

- Physical parameters (Ne, Te, Ti, 
Vd, Zd, %O+, %H+, %He+).

- Spectral characteristics of plasma 
irregularities (Electrojet, Spread-F, 
150km echoes).

• Dynamics of the neutral 
atmosphere - MST (Mesosphere, 
Stratosphere, and Troposphere).

• Meteor detection and 
characterization. 

• Radio astronomy, others.
Spread-F

Ne

Vd
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A "typical" day above Jicamarca

• ExB drifts from 150-
km first moment.

• Plasma physics from 
EEJ spectra.

• Plasma physics and 
lower thermosphere 
winds from non-
specular meteor trails.

• Mesospheric winds 
from mesospheric 
echoes.
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A "typical" night above Jicamarca

Effect of the F-region dynamics near sunset on the generation of 
Spread-F plumes.



Radio Observatorio de Jicamarca - Instituto Geofísico del Perú

The instruments around Jicamarca
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Network of 
instruments in Peru

• LISN (C. Valladares, BC) network of GPS 
receivers, magnetometers and ionosondes.

• Magnetometer chain (O.Veliz, IGP)
• Ionosondes

• Digisonde (B. Reinish, U. Mass. Lowell)
• VIPIR (E. Kudeki, J. Makela, Illinois)

• Beacon RXs (P. Bernhardt, NRL, Tsunoda, SRI)
• GNSS RXs (J. Morton, MU)
• CIRI Huancayo (J. Urbina, PSU)
• AMISR14 (J. Arratia, UMET) (under repair)
• FPI chain + SOFDI (J. Meriwether, Clemson, A. 

Gerrard, NJIT)
• Airglow cameras (C. Martinis, BU, G. Swenson, 

Illinois)
• Multi-static HF Radar (D. Hysell, Cornell)
• TIDDBIT is back soon (G. Crowley,  ASTRA)
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LISN - Center of operations at Jicamarca
• LISN - Low-Latitude Ionospheric 

Sensor Network

• It is a distributed network of 
instruments deployed in South 
America for monitoring the 
ionosphere.

• Instruments:

- VIPIR ionosondes

- GPS receivers

- Magnetometers

• Measurements:

- TEC, 

• Data is available at  
http://lisn.igp.gob.pe

http://lisn.igp.gob.pe
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AMISR-14 at Jicamarca

• 14 AMISR panels were deployed 
at Jicamarca in August 2014.

• Each panel has 32 cross polarized 
dipoles and can deliver a peak 
power of 16kW.

• The frequency of operation will 
be between 430 - 450 MHz.

• Modulation: Phase coded, 1 usec 
minimum baud length.

• This new system is suitable for 
plasma irregularity observations 
at the magnetic equator 
(electrojet and spread-F) and also 
for meteors and debris detection. 
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First Spread-F observations with AMISR-14
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Figure 5. Top panel shows the RTI map of the echoes observed by the AMISR-14

(vertical beam) on August 20, 2014. The panels below the RTI map show “images” of

the scattering structures created using the observations made by the five beams available

for the ESF experiment.

D R A F T May 22, 2015, 4:12pm D R A F T

Equatorial Spread-F 
observations conducted 
with the AMISR-14 
system making use of its 
electronic beam steering 
capability in August 2014. 
 This kind of measurements allows the study 

of ESF dynamics in the equatorial EW plane.
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Comparison of all-sky imager and radar 
observations of ESF irregularitiesAMISR and ASI Comparison 

 

 

Methods 
Figure 1a shows an 160o  field of view  6300 angstrom image  unwarped to an  altitude of 250 km at 3:13 
UT  ( 22:13 LT) on August 21, 2014. The box in the middle represents the area of the zoomed in region 
that is visible in figure 1b. The two N-S white lines indicate the coverage of the 5 perpendicular to B 
AMISR beams. They extend North and South to show how they would follow the magnetic longitudes. 
We are assuming that airglow depletions are field aligned so if we look away from zenith in the imager, 

1a
aa

1c 

1b 

1d 
 

 

250 km Comparison 
We counted all the times where we do and do not see echoes at zenith from 2:49 UT to 3:52 UT since 
this is when AMISR saw echoes in the 225-275 km range. If there are echoes higher up, they are not 
considered and are analyzed  later.  We made a table to record the results. If there are echoes, this is 
marked as yes. If there are no echoes in the beam this is marked as a no. For each image we look at 
whether the beam encompasses an eastern wall, a western wall, a bright peak or a dark valley. The 
results are shown in Table 1 

Table 1 

Scatter 225-275 W E Bright Dark 
Yes 13 5 4 5 
No 0 11 0 2 

 

We see scatter in 13 beams that correspond to the western wall, such that about 48% of cases occur 
here. There are no instances when we observe the western wall and do not see scatter. We see scatter 
in 5 beams that corresponds to the eastern wall, which is about 19%.  11 beams show  no scatter at an 

2a 

2d 2c 

2b 

BU all-sky camera was installed at JRO in March 2014. The system can switch 
between 5 different filters (5577, 6300, 6950, 7774, 6050A). ESF observations 

taken with this system and AMISR (Aug 2014) are compared to study the 
relationship between air-glow structures and coherent scatter radar echoes.
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Valley & 150km region studies using ISR and VIIPIR 

Study of the equatorial valley region using Jicamarca ISR and VIPIR ionosonde 
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Pablo M. Reyes (pmreyes2@illinois.edu)1 , Erhan Kudeki1 
1University of Illinois at Urbana-Champaign, IL, USA !

Abstract!
Incoherent) sca,er) (IS)) radar) and) ionosonde) (VIPIR,) Ver6cal)
Incidence)Pulsed) Ionospheric) Radar)) data)were) taken) concurrently)
at)Jicamarca)on)January)and)on)June)2015)to)bring)more)insight)on)
the)dynamics)of)the)ionospheric)valley)region)(region)around)150km)
of) al6tude).) Here,) we) show) results) from) the) two) instruments.)
Gravity)waves)(GW))with)periods)from)5)to)15)minutes)are)observed)
in) VIPIR) ionograms) with) phase) fronts) propaga6ng) always) ) down.)
GWs) exhibit) periods) twice) as) large) as) those) shown) in) the) 150kmL
echoes)pulsa6ons,)which)indicates)some)GWLdriven)modula6ons)of)
the)150km)echoes)as)suggested)by)[1].))

)

Conclusions!
•  Jan) 2015) Valley) ISR/VIPIR) are) indica6ve) of) 5) to) 15) min) period)

gravity)waves)causing)a)rippling)of)the)electron)densi6es)contours)
from)the)peak)of)the)FLlayer)to)the)valley)region.)

•  From)Faraday)rota6on)in)the)ISR)experiment,)there)is)no)evidence)
of)sharp)density)gradients)in)the)valley)region.)

•  GWs) during) January) 2015) exhibit) a) NELSW) direc6on,) while) April)
GW)indicate)mainly)a)NWLSE)direc6on.)

•  GW) periods) and) 150Lkm) echoes) ) periods) have) a) 2LtoL1) rela6on,)
which)indicates)a)modula6on)mechanism)of)the)150km)echoes)by)
the)GW,)as)suggested)in)[1].)

Objec2ves!
•  Search) for) density) gradients) in) the) valley) region) and) establish)

rela6onships)to)150Lkm)echo)layer)loca6ons.)
•  Establish) the) 6me) and) spa6al) scale) lengths,) and) propaga6on)

direc6on)of)gravity)waves,)and)their)rela6on)to)150)km)echoes.)
•  A)follow)on)to)Jan)2009)and)Jan)2011)Valley)Experiments.)

ISR configuration 
•  Faraday + Wideband ISR 

experiments 
•  IPPs: 420 km and 105 km 
•  CODEs: 28-baud and Barker-7 
•  Baud-width: 0.75 km 
•  Antenna Beams: “on-axis” 
•  Diagram on the right shows the 

antenna bema pattern. 

VIPIR configuration 
 
•  1.5km resolution 
•  Ionograms every minute. 
•  8 receivers forming                

East-West and North-South 
interferometers. 

•  The diagram on the right     
shows the location of the    
receiving antennas. 

•  Photos show Tx and                   
Rx antennas. 

Future!Work!
•  Joint)VIPIR/IS)differen6al)phase)density)profiles)inversion.)
•  Look) for) correla6on)between)VIPIR)oscilla6ons)and) the) IS) spectral)

width)in)the)valley)region.))
•  Analyze) high) temporal/height) resolu6on) 50) MHz) radar)

backsca,ering)(like)MST_ISR_EEJ))together)with)VIPIR.)
•  Seasonal)study)of)the))direc6on)of)the)GWs.)

Observations  
•  Wideband ISR and Faraday Spectra and RTIs: 

•  Wideband ISR spectra and VIPIR ionogram: 

•  Ionogram fluctuations: 

•  Ionogram fluctuations in 24 hours periods. Top figure shows 
frequency-time-virtual height plots followed by frequency-time-
angle of arrival plots for the north-south, and the east-west 
interferometers: 
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•  GWs and 150-km echoes: 

White arrows show the 150km echoes pulsations. Black arrows 
show the GW crests showing a 2-to-1 relation. 

•  Direction of propagation of GWs:: 

Plots of NS and EW angle of arrival as a function of time, and as a 
scatter plot in order to find the GW direction of propagation. 
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White arrows show the 150km echoes pulsations. Black arrows 
show the GW crests showing a 2-to-1 relation. 

•  Direction of propagation of GWs:: 

Plots of NS and EW angle of arrival as a function of time, and as a 
scatter plot in order to find the GW direction of propagation. 

Evidence of modulation of 150km echoes and 
F1 layers by gravity waves.

• VIPIR characteristics:
• 1 Transmitter 0.3 - 30 MHz
• 8 Receivers

• Interferometric 
configuration

• Orthogonal polarizations



Radio Observatorio de Jicamarca - Instituto Geofísico del Perú

FPI winds and ISR measurements used for 
simulation of Spread-F initiation

Network of FPIs in Peru:
• 3 stations: JRO, Nazca, and Arequipa
• Operate in Cardinal and Common 

volume modes.
•  Winds and temperatures are 

available in Madrigal
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TIDDBIT will be back soon

• TIDDBIT is an HF Doppler 
sounding system used to 
detect traveling ionospheric 
disturbances (TIDs). 

• 3 TX stations (Canta, Sayan, 
and Lurin)

• 1 RX station at Ancón.

• Tim Dully (ASTRA) and JRO 
engineers will be in charge of 
the deployment of TIDDBIT 
equipment next month.

Date Day # Description City to stay the
night

Sun., Aug 2 1 Travel to Lima Lima

Mon., Aug 3 2
Hardware Store,

Setup, Begin install
at Ancon

Lima

Tues., Aug 4 3
Complete install at

Ancon, Drive to
Huaral District (?)

Outside of
Ancon (?)

(perhaps Huaral
District)

Wed., Aug 5 4 Drive to Sayan,
Install at Sayan

Outside of
Ancon (?)

(perhaps Huaral
District)

Thurs., Aug 6 5 Drive to Canta and
Install at Canta Canta

Fri., Aug 7 6 Install at Canta, drive
back to Lima Lima

Sat., Aug 8 7 Weekend Lima

Sun., Aug 9 8 Weekend Lima

Mon., Aug 10 9 Drive to Lurin, Install
at Lurin Lima

Tues., Aug 11 10 Backup day ?

Wed., Aug 12 11 Backup day ?

Thurs., Aug 13 12 Travel back to
Colorado

Peru TIDDBIT Installation, August 2015
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JRO & Cluster of instruments
Instrument Parameter Region Time	
  Coverage Annual	
  

Coverage
Regional	
  
Coverage

ISR Ne,	
  Te,	
  Ti,	
  Vz,	
  
Vx,	
  % Ionosphere 24h 1000	
  hours JRO

MST U,V,W
Troposphere,	
  
Stratosphere,	
  
Mesosphere

24h	
  (T,S)	
  

DayIme	
  (M)
>	
  10	
  days JRO

JULIA Irregularity	
  
intensity,	
  Vz,	
  Vx Ionosphere 24h 4000	
  hours JRO

JULIA-­‐150 Vz Ionosphere DayIme 150	
  days JRO

FPI	
  (AQP,	
  SOFDI,	
  
MRH) U,V,	
  Tn BoWom	
  F	
  region NighXme	
  

DayIme	
  (SOFDI) >	
  100	
  days Peru

Magnetometers	
  
(JRO,	
  LISN) Vz Ionosphere DayIme 365	
  days 77o,	
  75o,	
  69o,	
  

56o	
  West

LISN	
  GPS TEC,	
  
scinIllaIons Ionosphere 24h 365	
  days South	
  America

Ionosondes	
  
(JRO,	
  LISN)

TEC,	
  
scinIllaIons Ionosphere 24h 365	
  days 77oW,	
  69oW

JASMET-­‐
Meteors U,	
  V Mesosphere 24h Campaigns JRO,	
  HYO	
  (*)
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JRO Tour


