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Objective 

Explore the time and space gradients present 
in the polar ionosphere. This is a basic study 
to get an idea of the gross order of 
magnitude estimate of the change in time 
and space in temperatures, electron density 
and ion velocity. 



Outline 

•  Background 
•  Question 
•  Experiment 



Background 

•  Neutral atmosphere: is an atmosphere 
consisting of neutral gas. 

•  Ionosphere: is defined as the layer of the 
Earth's atmosphere that is ionized by solar 
and cosmic radiation. 

•  Auroral and Equatorial Electroject 
•  Incoherent Scatter Radar 
•  IPP, PRF, Ne, Te, Ti 



Neutral atmosphere and Ionosphere 



Auroral and Equatorial Electrojet 



Incoherent Scatter Radar 

It is a technique to study Earth’s ionosphere. 
Related: 
- PFISR 
- AMISR 
- RISR 



IPP, PRF, Te, Ti, ACFs 

•  IPP, is the elapsed time from the beginning 
of one pulse to the next. 

•  PRF, is the number of pulses per unit. 
•  Ne, Electron density, is the probability of 

an electron being present in a specific 
location. 

•  Te, Ti, Electron and Ion temperature. 
•  ACFs - autocorrelation functions 



It is the global geomagnetic storm index and is 
based on 3h measurements.  

Based on the Kp index, you know if 
Geomagnetic activity is calm or strong. 

kp index could be: 
•  <=4, calm 
•  =5, minor storm 
•  >=6, major storm 
•  9, extreme storm. 

Reference: http://www.spaceweatherlive.com/en/help/the-kp-index 

Kp-index 



Reference: http://www.swpc.noaa.gov/rt_plots/kp_3d.html 

Kp-index=1  (period 31-01) 



Beams 



Beams (Plain Content) 





http://upload.wikimedia.org/wikipedia/commons/6/6a/
Convolution_of_box_signal_with_itself2.gif 















Electron	  Density	  	  



Electron	  Density	  	  



Ionosphere	  Temperatures	  

Electron	  Temperature	  



Electron	  Temperature	  



Ionosphere	  Temperatures	  

Ion	  Temperature	  



Ion	  Temperature	  



SuperDARN 

-Super Dual Auroral Radar Network  

-Network of over 30 low-power (16 300 W 
transmitters) HF radars 

-20 Total elements (16 element main array, 4 
element interferometer array) 

-Measures coherent ionospheric structures 



SuperDARN coverage for PFISR  
-Adak, AK 
(UAF) ~2.2 km 

-Kodiak, AK 
(UAF) ~1 km 

-Christmas Valley, OR 
(Darmouth) ~3 km 

-Clyde River, CA 
(USask) ~3 km 



Visualization (Ray Tracing) 

-Rays refract in the ionosphere! 



Measurement Decisions 

-Will use Adak East radar (Kodiak has no data 
for the 31st... typical SuperDARN state) 

-Look for possible ionospheric structures seen 
by both PFISR and SuperDARN 

-Compare velocities to PFISR measurements 
and look for correlations! 



THERE’S NOTHING 
No good ionospheric scatter (4:50 UT - 7:00 

UT) 



Ground Scatter 

Anything interesting in SuperDARN data...? 

(Data is 4:50 UT to 7:00 UT) 



PFISR Data 
Possible decreasing trend in electron density! 

-Log scale total 
electron content 

-Data is from 
4:48 to 7:00 UT 



Trend seen in all 9 beams! (PFISR) 

 
 

Data from 4:48 UT to 7:00 UT 



Gradient	  Measurement	  

•  Want	  to	  understand	  horizontal	  gradients	  
•  First	  ques=on	  how	  big	  are	  the	  gradients	  
compared	  to	  error?	  

•  What	  trade	  offs	  are	  there	  between	  measuring	  
both	  error	  and	  the	  gradient?	  



Compare	  Error	  vs	  Gradient	  

•  Chose	  three	  al=tudes	  to	  look	  at	  
•  200km,	  300km,	  400km	  

•  Nearest	  Neighbors	  interpola=on	  in	  al=tude	  
•  Take	  the	  nearest	  range	  gate	  as	  error	  and	  
parameter	  measurement	  



Compare	  Error	  vs	  Gradient	  

•  Difference	  from	  each	  point	  
•  With	  the	  errors	  assume	  independent	  normal	  random	  
variables	  
•  Should	  assume	  in	  some	  way	  they	  are	  correlated	  



Inverse	  Method	  

•  Assume	  measurement	  can	  be	  represented	  as	  
a	  plane	  

•  Can	  make	  this	  in	  term	  of	  an	  inverse	  problem	  



Inverse	  Method	  

•  Similar	  to	  a	  line	  fit	  

•  Gets	  an	  error	  for	  the	  slope	  
•  Slope	  =	  1.62e7	  m-‐3/km	  
•  Error	  =	  6.29e7	  m-‐3/km	  



Density	  Gradient	  



Te	  Gradient	  



Ti	  Gradient	  



Results	  

•  We	  see	  southward	  Temperature	  gradients	  
•  We	  also	  see	  Northward	  Density	  increase	  


