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The Advantages of Synergy - Quantitative Earth
Science Data Visualization and Analysis with
Giovanni, Panoply, and Excel
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INTRODUCTION

The NASA Giovanni data analysis system provides a multitude of &aalgsis capabilities for numerous Earth science data
products which are available in the NASA Goddard Earth Sciendasabd Information Services Center (GES DISC) archive, as
well as for additional selected data products provided by other NAS#iited Active Archive Center (DAAC) archives. In
Giovanni, users can easily generate time-averaged data mapsyveraged time-series, Latitude-Time and Longitude-Time
Hovmodller diagrams, correlation maps, accumulation maps, and maatamsn(22 analysis options are available in total).

Wind speed (shaded) and surface pressure {contours)
during high wind event, March 2, 2018.

Sisface pressurein hPa, wind speedin mjfs A

252

1746
1.8

Wind speed and surface pressure for the high wind evelftbomb cyclone") of March 2, 2018. Giovanni's overlay map
analysis was used for this plot.
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Time Series, Area-Averaged of Surface wind speed, Instantaneous hourly 0.5
¥ 0.625 deg. [MERRA-2 Model M2I11NXLFO v5.12.4] m s-1 over 2018-03-01 187 -
2018-03-03 237, Region 78.2666W, 38.2507N, 75.9375W, 40.0305N
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Instantaneous surface wind speed time-series for the highind event of March 2, 2018.

Giovanni also provides the capability to download the data and datadiilesponding to a visualization. These data files can
be imported into other software packages (such as NASA Panoply arsiiicExcel) for further analysis and detailed
result quantification.

This presentation will demonstrate download and analysis procedures isiagi®, Panoply, and Excel, showing how the
combination of these tools provides synergistic research benefits nsingde variety of NASA data sets available in Giovanni.
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BASIC TECHNIQUE

The basic technique for using Giovanni, Panoply, and Excel togetheiilar $ondata maps, difference maps, and Hovméoller

plots. Time-series analysis only requires Giovanni and Excel.

Summary: Basic Steps for Map or Hovmaoller Plot Creation

and Quantified Location+Data Value List

Single Data Map

-
Create a data map or Hovmdller Plot
with Giovanni. Download the NetCDF
file for this map or plot.

E [

. 4

s ™

Open the NetCDF file in Panoply.
Create a map or plot in Panoply with
this file.

A\

Summary: Basic Steps for Difference Map Creation
and Quantified Location+Data Value List

Difference Maps

Create two maps for comparison with
Giovanni. Download the NetCDF file
corresponding to each map.

[T

Open one of the NetCDF files in
Panoply. Create a map with this file
with Panoply.

‘ Open the second NetCDF file in
Panoply. Create a difference map with
the two files with color palette and

| data range customization.
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Quantified Location+Data Value List

7 Exportthe data from the Giovanni
NetCDF file to CSV using Panoply. Also
export the latitude and longitude data for
this map using Panoply. For Hovméller
plots, the data will either be latitude and

\_time or longitude and time.

Create a macro-enabled Excel workbook
with the CSV data file, and and the
latitude and longitude data. Format the
spreadsheet.

Install and run the macro which converts
the two-dimensional spreadsheet array

into a list of latitude-longitude-data value
triads.

\

Quantified Location+Data Value List

Export the data from each Giovanni
NetCDF file to CSV using Panoply. Also
export the latitude and longitude data
from one NetCDF file using Panoply.

=
<L

Create an Excel workbook with one CSV

data file. Copythe data from the other

CSV data file to a second spreadsheet in

the workbook. Calculate the difference
. valuesin a third spreadsheet.

Create a macro-enabled Excel workbook

with the difference value spreadsheet

and the latitude and longitude data.
Format the spreadsheet.

L

Install and run the macro which converts
the two-dimensional spreadsheetarray
into a list of latitude-longitude-data value

triads.
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e CSV file in Excel.
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DATA MAPS

This demonstration will examine the Normalized Difference Veigetandex (NDVI) in the Baltimore-Washington metropolitan
area over 16 years, using NDVI data from the Moderate Resolutiging@pectroradiometer (MODIS).

First, Giovanni was used to create an NDVI map for March 200@iforegion.

Time Averaged Map of NDV| monthly 5800 m [MODIS-Terra MOD13C2 v5] NDVI
over 2000-May, Region 77.4756W, 38.6096N, 76.2881W, 39.4666N

[ Gl

NDVI map of the Baltimore-Washington region, May 2000, created wittGiovanni.

Next, the data was downloaded as a NetCDF file and exported to RABdply, and a map similar to the Giovanni map was
generated.

https://agu2018fallmeeting-agu.ipostersessions.pefalilt.aspx?s=3C
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NDVI May 2000

NDVI (NDV/I)

>
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Data Min=-0.1, Max =08

NDVI map of the Baltimore-Washington region, May 2000, created witlGiovanni output data plotted in Panoply.

Both Giovanni and Panoply offer a variety of color palettes for dataaglisplhis Brown-Blue Green palette is better at showing
contrast between vegetated and less-vegetated areas. The GteeBayeaaters do not have terrestrial vegetation, which is why

they appear dark brown.
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NDVI

NDVI (NDVI)

<JEEETS WA 32— >
0.0 02 04 06 08 1.0

Data Min=-0.1, Max =058

NDVI map of the Baltimore-Washington region, May 2000, created witlGiovanni output data plotted in Panoply, using the
Brown-Blue Green color palette.

Using the Excel spreadsheet, we can determine that the NDVIfealthe pixel containing Goddard Space Flight Center is 0.7238
(GSFC is in a reasonably well-wooded area).

Now look at this map of NDVI for May 2016, plotted with Giovanni.
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Time Averaged Map of NDVI monthly 5800 m [MODIS-Terra MOD13C2 v5] NDVI
over 2016-May, Region 77.4756W, 38.6096N, 76.2881W, 39.4666N

NDVI map of the Baltimore-Washington region, May 2016, created wittGiovanni.

It is not easy to see any differences between the May 2000 map aidyti2916 map. So now we can create a difference map for
these two time periods.
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DIFFERENCE MAPS

By subtracting the data in one Giovanni NetCDF output file from the dI&EZDF output file in Panoply, it is easy to create a
difference map. In this case, we subtracted the May 2000diie the May 2016 file, so the areas where vegetation cover was
reduced would be negative, and areas where vegetation increased woulitivee pos

A blue-white-red color palette was used to display the differecieasly.

MODIS NDVI May 2016 - May 2000
Baltimore-Washington Region
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NDVI - NDVI (NDVI)
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Data Min = 0.3, Max =02

NDVI difference map, May 2016 - May 2000, using Giovanni output data ptted with NASA Panoply.

Using the Excel workbook and our difference map quantification techniquegrweow determine that the NDVI difference
between May 2000 and May 2016 near GSFEZ(948 - which is a very small change, so we've kept most of our trees

Latitude  Longitude NDVI difference
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2273 38.875 -76.825 -2.85E-02
228 38.925 -76.825 -3.27E-02
229| 38.975 -76.825 -0.0177

233)  39.175 -76.825 -0.0144
234 39.225 -76.825 -0.0238

That isn't the case everywhere. The figure below shows sormeefeat the region. Vegetation cover during May 2016, compared
to May 2000, was significantly reduced near the Arundel Mills Mall kgveent south of Baltimore, and around Dulles Airport in
Virginia. However, vegetation cover actually increased (or wasiggobetter) in the Montgomery County Agricultural Preserve
area.

Changing Vegetation in the Washington-Baltimore Region

The letters A-E denote areas of interest on the NDVI difference map. Goddard Space Flight Center (GSFC) is located one grid
cell west and one grid cell south of the cell labeled 'A’ indicating the location of the Patuxent Research Center. Because this is
a preserved wild area, it acts as a control for this difference map, as the vegetation cover here has changed very little.

MODIS NDVI May 2016 - May 2000
Balimore Washington Regon

A- 7 T r— — T \ C.
U.S. Fish ’ - | I I I [ /]l _~ | Upperwatershed
and Wildlife 4 | | AT | forT. Howard
Patuxent Research | [ [ R34 Duckett Reservoir
| d hg
Cente ~ ==
enter = o s l ] . <L L L D.
B. ‘ Dulles Airport
Arundel Mills pJ ey o i ‘ \\\)—— /_'/\ S(
Mall development i ! I 7@ = ""P £, :
‘area | L _W = 9 . 7/2 Montgpmety County
i /2 Agricultural Reserve
‘ L2 k ‘_-/;Z "
S Z_A ~
i 1\ =

NDVI - NDVI (NDVT)
<03 02 00 o1 0z 03
Do i = 03, Bax = 02

NDVI difference map, showing locations of interest in th®altimore-Washington region.
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Giovanni and Excel can also be used to investigate the possible infafeaggall variability on the NDVI differences shown
here. The following plots examine the Arundel Mills Mall grid ¢@! in the plot above). This large outlet mall opened in
November 2000, and both commercial and housing development around it occurred sulgsequent

This is where the grid cell is located (shown on Google Maps).

!_ndshlp — Folaprau ::
() Valley J ) : 7
D State Park (=) Baltimore i %
9" 7 @ &
Woodmark Catonsville
Ellicott City
‘@ Arbutus @
235 Pagy Dundalk 753
Halethorpe %, " A
108 & @@ %
. (705) @"" Brooklyn Park LS Sparrows Pr
WILDE CAKE @ T
, / TOWMN CEMTER 15.00 mi %55) Linthicum T
Harksville Columbia @ o . OD Heights (718 w
@ E Elkridge Hanaver L 0
3] @ Femdale
hland = St @
Guilford | 2 s I Riviera Beach
@g ) B Glen Burnie
Fulton | Jessup 2 10
Savage = 174
Merth Laurel e 2 cedhm @ ()
SOUTH GATIE @
e =N 1 170 {100) Jacobsville
Burtonsville @ &9 7| @ Fort Meade @ —
& = 497 Pasadena Lake Shore
158) Laurel 20~ . —0
30 5.00 mi
Odenion @
rland 2 )]
55 South Laurel Gambrills Severmna Park
Calverton Millersville
Beltsvill >
altsville Patuxent
@ {D Research {3 Crownsville . Amid
Refuge 57
¢ 78
i Greenbelt GSFC }BDWIE Crafton 178 R
Shd
College Park 1) Glenn Dale L) D) Parole @
Annapolis
o @ o 2 &
Carrollton
yattsville — %, J

12/5/2018, 3:54 P|

https://agu2018fallmeeting-agu.ipostersessions.pefalilt.aspx?s=3C



AGU - iPosterSessions.com https://agu2018fallmeeting-agu.ipostersessions.pefalilt.aspx?s=3C

14 of 2¢

(1e3) -3 Halethorpe i T
e @ _
(0d) @) Brooklyn |
——— 295,
WILDE LAKE pr— @ ™
o OAKLAND MiLLS ey Patapsco Pumphrey
. : : : 15.0? mi Linﬂ_‘liCUm ‘bq':?‘
ainee  Columbia o = O =) Heights & @
) Elkridge Baltimore/
- Hanaover - o Washington E)
=
: International
8 @s8)
- — Thurgood..
3 ] G (176) @ Ferndale
Sky Zone- @. 103)
/ Caolumbia, MD 5] — o | 167 @
3;‘} Guilford
) i I
32 M
@ Live! Casino & Hotel Q LSS, Y B
il Autobahn InHoor G73) E {190 o
Speedway & Evefits,.. I I w
Jessup
i Savage ] @) (174)
North Laurel (32) Sevhrm ®
- @ | EOUTH GATE
Gz
) i ;
a5 5 Aﬂl‘lapp IS
e = Junection
w (=0 5
3 Fart Meade
g Fort George G. Meade [ Severn Run
Laurel 20— — o T QO ey
34 5_|:l|:|l i j Environment
Maryland City Area
¢ Odenton N
" iy
Narth Tract aa
L97)
K South Laurgl f
(J Gambrills il
5
& €5
s Millersville

Location map for the Arundel Mills Mall grid cell. The Live! Casino is located adjacent to the shopping mall.

First, a time-series of NDVI for the Arundel Mills Mallidrcell was created. The latitude range is 39.1 to 39.2 degreesiXhe

longitude range is 76.7 to 76.8 degrees W. In this time-series, thts fimi May 2000 and May 2016, the months used for the
difference map, are circled.
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Time Series, Area-Averaged of NDVI monthly 0.05 deg. [MODIS-Terra MOD13C2
v006] NDVI over 2000-Mar - 2018-Sep, Region 76.8W, 39.1N, 76.7W, 39.2N
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NDVI time-series, March 2000 - September 2018, for the Arundills Mall grid cell. May 2000 and May 2016 are circled.

This time-series is difficult to interpret, other than clgamtlicating the seasonal pattern. Giovanni can be used to creeisetiies
for specific months or seasons, so we can make a time-g8er@dy the month of May.

Interannual time series Average NDVI monthly 0.05 deg. [MODIS-Terra

MOD13C2 v006] NDVI for 2000-May - 2018-May, Region 76.8W, 39.1N, 76.7W, 39.2N
0.63

0.61

0.6

NDVI
<)
G«
©

0.55
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Data year

May

NDVI time series, May 2000-May 2018.

To examine possible relationships to the amount of rainfall in MayTRMM 3B43_v7 data product can be used. This data
product originated with the Tropical Rainfall Measuring Mission, butinoas to present by including other precipitation data
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sources, such as "high-quality microwave data, infrared data, arydemaf rain gauges". Due to grid cell size, the area used was
enlarged congruently around the Arundel Mills Mall grid cell to créageplot of regional rainfall in May.

Interannual time series Average Precipitation Rate monthly 0.25 deg. [TRMM

TRMM_3B43 v7] mm/hr for 2000-May - 2018-May, Region 76.9W, 39N, 76.6W, 39.3N
0.3

0.25

0.2

Precipitation Rate
o

0.1

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Data year

May

TRMM 3B43_v7 Precipitation Rate time series, May 2000 - May 2018.

The data for both of these plots can be downloaded directly in CSV foiithatdownloaded data was imported into an Excel
spreadsheet and used to create a two-axis, two-variable plot.
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Precipitation and NDVI, May 2000 - May 2018
Arundel Mills Grid Cell

2000 2001 2002 2005 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Year

B MM/ hr e NDV

Excel time-series plot of precipitation rate and NDVI, May 200 - May 2018.

2016
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0.65

0.63

0.61

0.59

NDVI

This time-series plot does not indicate a significant correlatidiiay rainfall with the May NDVI value for the Arundel Mills Ma
grid cell. In fact, there was more rain in May 2016 than in May 26@fvever, because the May 2017 NDVI value is nearly the
same as the May 2000 value, other factors may influence the value.

To visually validate this analysis, historical satellite imageee found for the area with Google Earth. Three images oégenr
for October 2002, March 2006, and the most recent image availableoane kelow.
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Legend
8 7 Arundel Mils
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Arundel Mills most recent image

Another example of the use of NDVI similar to this analysis cafoled in Witte et al. (2011). In this paper, an increase in NDVI
was observed in Beijing, China, prior to the 2008 Olympic Games. Hudelieved to be due to the planting of thousands of trees
to beautify the city for the Games. The paper also showed that tiNined after the Games, likely due to the lack of capability
to care for the newly-planted trees.
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HOVMOLLER PLOTS

Hovmodller plots (also called Hovmoller diagrams) are a formneétseries presentation in which data values are plotted in aither
longitude vs. time plot (where the data are averaged over latitubigijtade vs. time plot (where the data are averaged over
longitude). These plots are very useful for providing a depiction of spatiability in the data over time.

u.ipostersessions.Pefalilt.aspx?s=3C

In 2015-2016, a strong El Nifio event occurred in the equatorial PacifanO@ee of the classic oceanic hallmarks of El Nifio
events is increasing sea surface temperature (SST) in equatdees, generally progressing from west to east. Becauseéhnes
evolve longitudinally, they provide excellent examples of the use of Hovnpidies.

For this example, the region of interest shown below in orange was used.
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Region of interest used for the examination of SST variability dring the 2015-2016 EI Nifio event.

SST data from MODIS-Aqua was used to create the HovmollergletHovmoller plot generated with Giovanni is shown below.
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Hovmoller, Latitude-Averaged of Sea Surface Temperature at 11 microns (Night) menthly 4 km [MODIS-Agua MODISA_L3m_SST v2014]C
over 2013-12-31 12:20:09Z - 2016-06-30 14:55:08Z, Region 175W, 25, 93.25W, 2N

APR2016 As,
JAN2016

3.104
0cT2015 i
JUL20154

2.99
APR2015
JAN20151

2.877
0cT2014
JUL2014 4

12.783

APR20141
JAN20144 i

2.65

xled

- Selected date range was 2014-Jan - 2016-Jun. Title reflects the date range of the granules that went inte making this result.

Longitude vs. time Hovmodller plot of SST in the equatorial Padic Ocean, January 2014-June 2016.

This plot shows both the "almost" El Nifio that occurred in 2014, and tHel NIfio conditions occurring in 2015-2016. The plot
also clearly demonstrates that this was a central equatadidicFE| Nifio, as the region of warmest waters did not extendimuc
past 150 degrees W, so that the Galapagos archipelago and the westtswicCentral and South America were less impacted by
the warmer surface waters. The size and strength of the beamyer, did cause significant and observable meteorological
phenomena, although it differed significantly from the strong 1997-1998 EI Niii @we to the difference in where the warmest
SSTs occurred (Paek, Yu, and Qian 2017).

The data file for this plot was exported to Panoply, which allowedrtregion of the plots shown below, using different color
palettes available in Panoply. The data was exported as aileSV f
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Sea Surface Temperature at 11 microns (Night)
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Sea Surface Temperature at 11 microns (Night)
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Longitude vs. time Hovmodller plots of SST in the equatorial Pafic Ocean created with Panoply.

The CSV file was opened with Excel. Utilizing the method developeditmyrer intern Melanie Ventura, which was adapted from
the Difference Map method, the data for the plot was converted &l fxan array of time (month) - longitude - data value triads.
For this plot, which consists of 4 km resolution SST data, the datp@ntained 58,860 data values. A section of the array is
shown below, showing that the warmest waters at 160 degrees W ddauxevember and December 2015, and just exceeded an
average value of 30 degrees C.
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1/1/2014
2/1/2014
3/1/2014
4/1/2014
5/1/2014
6/1/2014
7/1/2014
8/1/2014
9/1/2014
10/1/2014
11/1/2014
12/1/2014
1/1/2015
2/1/2015
3/1/2015
4/1/2015
5/1/2015
6/1/2015
7/1/2015
8/1/2015
9/1/2015
10/1/2015
11/1/2015
12/1/2015
1/1/2016
2/1/2016
3/1/2016
4/1/2016
5/1/2016
6/1/2016

-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021
-160.021

26.09777
26.71388
26.67101
27.42765
28.43884
28.02124
27.17178
27.57877
274864
27.69232
27.83864
27.54765
27.12189
27.16251
27.65065
28.47677
28.88593
29.30092
29.55812
29.60698
29.40014
29.736
30.17249
30.08168
29.47253
28.9937
28.68035
28.1911
28.27881
27.5836

https://agu2018fallmeeting-agu.ipostersessions.pefalilt.aspx?s=3C

Excerpt from the output results in Excel for the longitudevs. time Hovmodller plot.

This example shows that the method can be used for many differemtdatdes in Giovanni, and can be applied to large data

arrays.
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TIME-SERIES ANALYSIS

Acker et

al. (2009) used the method described for time-series iartalgxamine trends in chlorophgliconcentration (ch)

https://agu2018fallmeeting-agu.ipostersessions.pefalilt.aspx?s=3C

acquired by the Sea-viewing Wide Field-of-view Sensor (SeaWiR8Bg atutlets of several major rivers around the world. This
work built on previous use of Giovanni to examineahdt the mouth of the Chesapeake Bay in the years 2002 and 2003 (Acker et
al. 2005).

The outflow region of the Ganges River of India exhibited a clear teddclining chla concentrations over the study period from
1998 - 2007. This decrease was believed to be primarily related &adiy discharge from the river due to increasing water usage
and reservoir impoundment.
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Time series of SeaWiFS cha at the mouth of the Ganges River, 1998-2007.

Results of the statistical analysis applied to this tim@setie shown below. The p-value < 0.05 from the significhies
indicates that the observed trend was statistically significant.

Study area distance
fromriver mouth  Significance f f-value Slope r2 Average chl a

Ganges 275km | p=003 48 -0001 | 00402| 035mgm’
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There are now many more data sets in Giovanni that are long enough to ganidgtatistical results in a time series analysis
similar to the one described here. It is also possible to expotinte series data to Matlab or R to perform similarsiedil
analyses. In this era of climate change, many observed and modétbgamay exhibit significant trends.
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ABSTRACT

The NASA Giovanni data analysis system provides a multitude of &aalgsis capabilities for numerous Earth science data
products which are available in the NASA Goddard Earth Sciendesad Information Services Center (GES DISC) archive, as
well as for additional selected data products provided by other NAS#ilited Active Archive Center (DAAC) archives. In
Giovanni, users can easily generate time-averaged data mapayaraged time-series, Latitude-Time and Longitude-Time
Hovmodller diagrams, correlation maps, accumulation maps, and maptems(22 analysis options are available in total). While
ASCII text output is available for time-series plots, it isinotuded as an option for data maps. In order to provide a quantitative,
easy-to-use numerical output in ASCII text form, the NetCDFoiifgput from a Giovanni visualization is downloaded and then
opened with the free NASA visualization software package PanoplgpBaprovides the capability of translating the Giovanni file
into comma-separated-variable (CSV) output. Panoply also provides additmradization options, including the facile calculation
of difference maps and quasi-anomaly maps using Giovanni output file€Sh\héles from Panoply can then be imported into an
Excel spreadsheet, where an Excel macro converts the CSVIfiesutput consists of latitude-longitude-data value triads in text
form for maps, and either longitude-time-data value or latitude-tiate value triads in text form for Hovmoller diagrams. This
presentation will explicate the basic procedure for the conversiothangrovide several examples where the procedure is applied
to Giovanni output from different analysis options.
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