
CDAWeb: Accessing NASA Data

Dr. Joseph B.H. Baker

Bradley Department of Electrical and Computer Engineering 

Center for Space Science and Engineering Research (Space@VT)

Virginia Tech

Blacksburg, VA, USA

jo.baker@vt.eduSpace@VT June 4, 2024



CDAWeb: Accessing NASA Data
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Scroll down……

http://cdaweb.gsfc.nasa.gov/Open a browser and go to this website:
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Select: “Voyager”

Hit “Submit”

4



Hit “CLEAR All”

Scroll down……
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Hit “Submit”

Select: “VOYAGER2_COHO1HR_MERGED_MAG_PLASMA”

Scroll down……
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Start: 1977/08/24 00:00:00.000

Stop: 1992/01/01 00:00:00.000

Scroll down……
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Select: 

“Heliocentric Distance”

“Magnitude of Average Field”

“Bulk Flow Speed”

“Proton Density”

Hit “Submit”
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Aug 1977 Jan 1992

Solar Wind Proton Density

Solar Wind Speed

Distance from the Sun

Interplanetary Magnetic Field (IMF)

CONCLUSION: As a spacecraft moves away from the sun, the solar wind 

speed stays high but its plasma density and magnetic field strength both decay.

Earth Outer Solar System
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Make your way back to this page

Select both Voyager Spacecraft

Hit “Submit”

Close any other tabs/windows that are still open

But where are the Voyager spacecraft now??? To answer this question…..
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Start: 2000/01/01 00:00:00.000

Stop: 2019/12/31 23:00:00.000

Scroll down……
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For Voyager-1 Select: 

“Heliocentric Distance”

“Magnitude of Average Field”

“Bulk Flow Speed”

“Proton Density”

Scroll down……
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For Voyager-2 Select: 

“Heliocentric Distance”

“Magnitude of Average Field”

“Bulk Flow Speed”

“Proton Density”

Hit “Submit”
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Voyager-2 Solar Wind Density

Voyager-2 Solar Wind Speed

Voyager-1 Distance from Sun

Voyager-1 Magnetic Field (IMF)

Voyager-2 Distance from Sun

Voyager-2 Magnetic Field (IMF)

Jan 2000 Dec 2019

Jan 2000 Dec 2019

SOLAR WIND

TERMINATION

SHOCK

TERMINATION 

SHOCK

SOLAR 

WIND
GALAXY???

Voyager-1

Voyager-2
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Make your way back to this page

Scroll down……

Close any other tabs/windows still open

We can also use CDAWeb to examine solar cycle effects on space weather over time
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Select: “OMNI (Combined 1AU IP Data….)”

Hit “Submit”

De-Select: “Voyager”
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Select: “OMNI2_H0_MRG1HR”

Hit “Submit”

Hit “CLEAR ALL”
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Start: 1963/01/01 00:00:00.000

Stop: 2021/09/13 17:00:00.000

Scroll down……
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Select: 

“1AU IP Magnitude of average field vector”

“1AU IP Ion number density”

“1AU IP plasma flow speed”

Scroll down……
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Select: 

“Daily sunspot number”

“Kp”

“Dst”

“AL”

Hit “Submit”
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1963 2021

Interplanetary Magnetic Field (IMF)

Solar Wind Density

Solar Wind Speed

Sunspot Number (Solar Activity)

Kp Index (Planetary Activity)

Dst Index (Ring Current Activity)

AL Index (Auroral Activity)

CONCLUSION: Near-Earth space weather is controlled by sunspots!!!!!
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Start: 2000/07/14 00:00:00.000

Stop: 2000/07/17 00:00:00.000

Scroll down……

Next, we’ll examine a particular space weather event in detail

Return to this page
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Select: 

“1AU IP Magnitude of average field vector”

“1AU IP Ion number density”

“1AU IP plasma flow speed”

Scroll down……

Use the same parameter selections
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Select: 

“Daily sunspot number”

“Kp”

“Dst”

“AL”

Hit “Submit”

Use the same parameter selections
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Interplanetary Magnetic Field (IMF)

Solar Wind Density

Solar Wind Speed

Sunspot Number (Solar Activity)

Kp Index (Planetary Activity)

Dst Index (Ring Current)

AL Index (Auroral Activity)

2000/07/14 2000/07/17

This is a “stack-plot” of data for the “Bastille Day” space weather storm.

It would be nice to actually get our hands on this data! Can we do that?      
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Click: “List Data (ASCII/CSV)”

Hit “Submit”

Yes!!!
Return to this page
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Click: “OMNI_H0_MRG1HR_167226.txt”
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Scroll down for……

This is the descriptive header
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Right Click on “Save as…”

Congratulations!!!!

Select a directory on your computer

Hit “Save”

You now own a chunk of NASA data!

The Data!!

Date/Time IMF
SW 

Density

SW 

Speed Sunspots KP Dst AL
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Let’s now look at the Bastille Day event in more detail

Start: 2000/07/07 00:00:00.000

Stop: 2000/07/11 00:00:00.000

Return to this page

“Plot Data”

“Submit”
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Interplanetary Magnetic Field (IMF)

Solar Wind Density

Solar Wind Speed

Sunspot Number (Solar Activity)

Kp Index (Planetary Activity)

Dst Index (Ring Current)

AL Index (Auroral Activity)

2000/07/07 2000/07/11

Leave this browser open. We’ll come back to it soon.

We want to look at multiple things together, so…..
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In the 2 new browsers, click “Pre-generated 

Data and Orbit plots via SPDFs GIFWALK”

Open TWO new browsers to this page again

We’ll use all three browsers to examine data obtained by the 

Japanese Geotail spacecraft during the Bastille Day event
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“Select Plot Type”: “Combined 4 day orbit @ 200 RE”
“Specify Date”: 20000714

“Date Format”: YYYYMMDD Click “Update Date/Plot type”

Ignore the plot, it’s not what we need

The “second” and “third” browsers should both look something like this

Scroll down to the bottom of the page……

Starting with the “second browser”……
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ACE

SOHO

WIND

MOON

IMP-8

INTERBALL

GEOTAIL

“Select Plot Type”: “Combined 4 day orbit @ 50 RE”

Click “Update Date/Plot type”Click arrows to select “2000189”

The “second browser” should now look like this

These are orbit tracks of several solar wind monitoring spacecraft

However, this is the “wide view”

We want a closer view, so…..
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DOY=193

DOY=189

ACE

SOHO

WIND

MOON

IMP-8

INTERBALL

GEOTAIL

The “second browser” should now look like this

To look at the actual Geotail data we need to go back to the “third browser”

This is the “closer view”

Our particular interest is the GEOTAIL Spacecraft
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Click “Update Date/Plot type”

We left the “third browser” looking something like this

We can plot the Geotail data here by doing this:

Change “Select Plot Type” to: “Geotail Daily Kp Survey”“Specify Date”: 20000189

“Date Format”: YYYYDDD
36



Magnetic Field Strength (|B| & Bz)

Magnetic Field Angle

Proton Density (SWA & HPA)

Average Proton Energy

Average Electron Energy

Bulk Vx Speed (SWA & HPA)

Bulk Vy Speed (SWA & HPA) 

Ion Energy Spectrum (EPIC)

EPIC: Energetic Particle and Ion Composition

HPA: Hot Plasma Analyzer

SWA: Solar Wind Analyzer

The “third browser” should now look like this

Use “Previous” or “Next” arrows get to “2000189”, if necessary

This is Geotail data for 2000/07/07
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DOY=189

SOLAR WIND MAGNETOSHEATH

Browser-1

Browser-2

Browser-3

DOY=189

DOY=189

2000/7/7

All three browsers should look like this.

Click “Next” for 2000190



MAGNETOSHEATH MAGNETOSPHERE

DOY=190

DOY=190

DOY=190

2000/7/8

Click “Next” for 2000191



SHEATHSPHERE SOLAR WIND

DOY=191

DOY=191

DOY=191

2000/7/9

Click “Next” for 2000192



QUIET SOLAR WIND ENHANCED SOLAR WIND

DOY=192

DOY=192

DOY=192

2000/7/10

Click “Next” for 2000193



Update the Orbit Plot (Browser-2)

Start: 2000/07/11 00:00:00.000

Stop: 2000/07/15 00:00:00.000

Click “Next”

Update the Omni Data Plot (Browser-1)

Click “Submit”
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ANOTHER ENHANCEMENTENHANCED SOLAR WIND

DOY=193

DOY=193

DOY=193

2000/7/11

Click “Next” for 2000194



DOY=194

SOLAR WIND? MAGNETOSHEATH? BIT OF BOTH?

DOY=194

DOY=194

2000/7/12

Click “Next” for 2000195



DOY=195

ENERGIZED MAGNETOSHEATH & MAGNETOTAIL

DOY=195

DOY=195

2000/7/13

Click “Next” for 2000196



DOY=196

ENERGIZED MAGNETOTAIL & MAGNETOSHEATH

DOY=196

DOY=196

2000/7/14

Click “Next” for 2000197



Update the Orbit Plot (Browser-2)

Start: 2000/07/15 00:00:00.000

Stop: 2000/07/19 00:00:00.000

Click “Next”

Update the Omni Data Plot (Browser-1)

Click “Submit”
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DOY=197

MAGNETIC CLOUDENHANCED SOLAR WND

DOY=197

DOY=197

2000/7/15

Click “Next” for 2000198



DOY=198

MAGNETIC CLOUD

DOY=198

DOY=198

2000/7/16

Click “Next” for 2000199



DOY=199

NORMAL SOLAR WND

DOY=199

DOY=199

2000/7/17

Click “Next” for 2000200



DOY=200

MAGNETOSPHEREMAGNETOSHEATH

DOY=200

DOY=200

2000/7/18

The Bastille Day event is now over.
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Open a FOURTH browser to this page

Scroll down…….

We can also look at spacecraft auroral imaging during the Bastille Day event



Select: “IMAGE”

Hit “Submit”
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Scroll Down and Hit “Submit”

Select: “IM_K0_WIC: Auroral Images”

Hit “CLEAR All”

54



Start: 2000/07/15 00:00:00.000

Stop: 2000/07/16 00:00:00.000

Scroll down……
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Select: “FUV/WIC LBH Auroral Images”

Hit “Submit”
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Scroll down……
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Click on “14:19:15”

58



Click on “Next Frame” a few times

However, this is a cumbersome process. Can we make a movie?

This provides a sense of how the aurora evolves with time
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Make your way back to this page

Start: 2000/07/15 05:30:00.000

Stop: 2000/07/15 14:00:00.000

Scroll down……

Yes!!!!
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Select: “as above (movie format)”

Hit “Submit”
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Click on “Animated GIF”
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Start: 2000/07/15 05:30:00.000

Stop: 2000/07/15 14:00:00.000

The movie should look like this…. ….corresponding to these conditions

i.e. Arrival of the Magnetic Cloud…

IMF

Solar Wind Density

Solar Wind Speed

Planetary Activity

Auroral Activity

Ring Current

Sunspot Number

…and increased auroral activity

…and increased space weather….
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Start: 2000/07/15 14:00:00.000

Stop: 2000/07/16 00:00:00.000

Later, the movie looks like this…. ….corresponding to these conditions

i.e. Peak of Magnetic Cloud….

IMF

Solar Wind Density

Solar Wind Speed

Planetary Activity

Auroral Activity

Ring Current

Sunspot Number

…and maximum auroral activity

…and maximum space weather….
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You should continue exploring CDAWeb on your own over the next few days!!!

That’s it for our introductory tour of NASA CDAWeb!!! 

RECAP:

(1) We used Voyager data to measure the large-scale structure of the solar wind 

(2) We used OMNI data to show the 11-year solar cycle influence on space weather

(3) We used Geotail data to see the space weather response to the Bastille Day event

(4) We looked at IMAGE spacecraft auroral movies during the Bastille Day event
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CDAWeb Application: IMF Shape Verification

QUESTION: Does the IMF really look like this?

APPROACH: Look at the Voyager Data!!!!

Distance from Sun

IMF Strength

Br

Bt

B
 ~ 90º

 ~ 0º

 = atan(Br/Bt)



RESULTS: Shape of the IMF

OBSERVATIONS:

(1) At Earth (R = 1 AU) the IMF is inclined ~50º to the orbital direction (i.e. Y)

(2) By Saturn, the inclination has dropped to ~6º and at Uranus it’s down to ~2º

ANSWER: So…. Pretty much --- YES!! The IMF conforms to a Parker Spiral shape.

Jupiter Saturn Uranus Neptune

 = atan(Br/Bt)

|B|

R(AU)


Earth:  ~ 50º Uranus:  ~ 2º

Jupiter

Saturn

Uranus

Neptune

Average 

B-Vectors

R

Y(AU)

Earth

Br

Bt

B
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