University of Maryland Global Land Cover Facility Data Distribution

TITLE

INVESTIGATOR(S)

INTRODUCTION

THEORY OF ALGORITHM/MEASUREMENTS
EQUIPMENT

PROCEDURE

OBSERVATIONS

DATA DESCRIPTION

DATA MANIPULATIONS

10. ERRORS

11. NOTES

12. REFERENCES

13. DATA ACCESS

14. OUTPUT PRODUCTSAND AVAILABILITY
15. GLOSSARY OF ACRONYMS

16. UMD UPDATES

CoNoO~WDNE

1L.TITLE
1.1 Data Set Identification
Global Inventory Modeling and Mapping Studies (GIMMS) Satellite Drift Corrected and
NOAA-16 incorporated Normalized Difference Vegetation Index (NDV1), Monthly 1981-2002.

1.2 Database and Database Table Name(s)
Not applicable to this data set.

1.3 File Name(s)
Thefilesin this data set are named using the following naming convention:

AF03decl5a.n16-Vig

where

AF identifies the continent
AF = Africa
AZ = Australiaand New Zealand
EA = Eurasia

NA = North America
SA = South America and Central America
03 isthe two digit year, 1981 to 2003.
dec isabbreviated month from January to December.
15a identifiesthe composite period, 15a denotes the days 1-15 of the month,
and 15b denotes the days from 16 to the end of the month (28, 30 or 31).
nl6 identifiesthe satellite, NOAA-7, 9, 11, 14 or 16 from which the data
originiated.
VIig dentifiesthe datatype, here NDVI.

Global Inventory Modeling and Mapping Sudies (GIMMS) AVHRR 8km
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1.4 Revision Date of this Document

December 6, 2004.

2. INVESTIGATOR(S)
2.1 Investigator’sName and Title

Jorge E. Pinzon and Molly E. Brown
Science Systems and Applications
NASA-Goddard Space Flight Center
Code 923
Greenbelt, MD 20771

Compton J. Tucker
NASA-Goddard Space Flight Center
Code 923
Greenbelt, MD 20771

2.2 Titleof Investigation
Monitoring Seasonal and interannual variations in Land-Surface V egetation from 1981-
2002 using GIMMS NDVI.

2.3 Contacts (For Data Production I nformation)

Contact 1 Contact 2
2.3.1 Name Dr. Molly E. Brown Dr. Jorge E. Pinzon
2.3.2 Address NASA-Goddard Space Flight NASA-Goddard Space Flight
Center Center
Code 923 Code 923
City/st.
Zip Code | Greenbelt, MD Greenbelt, MD
Country 20771 20771
USA USA
2.3.3T€l. No. 301-614-6616 301-614-6685
Fax No. 301-614-6015 301-614-6015
2.3.4 E-mail molly.brown@gsfc.nasa.qgov jorge pinzon@ssaihg.com

2.4 Requested Form of Acknowledgment
Please cite the following publications whenever these data are used:
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Pinzon, J., M. E. Brown and C. J. Tucker. 2004. Satellite time series correction of orbital drift
artifacts using empirical mode decomposition. In Hilbert-Huang Transform: Introduction and
Applications, eds. N. Huang, pp. Chapter 10, Part 11. Applications (to appear).

Pinzon, J. 2002. Using HHT to successfully uncouple seasonal and interannual componentsin
remotely sensed data. SCI 2002. Conference Proceedings Jul 14-18. Orlando, Florida.

Tucker, C. J,, J. E. Pinzon, M. E. Brown, D. Slayback, E. W. Pak, R. Mahoney, E. Vermote and
N. El Saleous. 2005. An Extended AVHRR 8-km NDVI Data Set Compatible with MODIS
and SPOT Vegetation NDVI Data. International Journal of Remote Sensing (in press).

3.0 Introduction

3.1 Objective/Pur pose

The Global Inventory Modeling and Mapping Studies (GIMMS) normalized difference
vegetation index (NDVI) data sets were generated to provide a 22-year satellite record of
monthly changesin terrestrial vegetation. New features of this dataset include reduced NDV |
variations arising from calibration, view geometry, volcanic aerosols, and other effects not
related to actual vegetation change. In particular, NOAA-9 descending node data from
September 1994 to January 1995, volcanic stratospheric aerosol correction for 1982-1984 and
1991-1994, and improved NDVI using empirical mode decomposition/reconstruction (EMD) to
minimize effects of orbital drift. Global NDVI was generated to provide inputs for computing
the time series of biophysical parameters contained in the International Satellite Land Surface
Climatology Project (ISLSCP) Initiative |1 collection. NDV1 is used in climate models and
biogeochemical models to calculate photosynthesis, the exchange of CO, between the
atmosphere and the land surface, land-surface evapotranspiration and the absorption and release
of energy by the land surface.

3.2 Summary of Parameters

Global, composited, monthly, normalized difference vegetation index over land areas.
NDVI isthe difference (in reflectance) between the AVHRR near-infrared and visible bands
divided by the sum of these two bands (Tucker 1980; Sellers 1985; Sellers et al. 1994).

3.3 Discussion

Because NDVI isaratio of differences between two adjacent bands, it islargely
insensitive to variations in illumination intensity. However, NDV |1 is sensitive to effects that
differ between bands. Band calibrations, for example, have changed frequently between the five
NOAA AVHRR instruments that acquired the NDV1 record for the 22-year Initiative |1 period. In
addition, natural variability in atmospheric aerosols and column water vapor have affected the
NDVI record. Over the period of record there were two major volcanic eruptions, El Chichonin
1982 and Mt. Pinatubo in 1991, which injected large quantities of aerosols into the Earth’s
stratosphere. These aerosols, along with smoke from biomass burning and dust from soil erosion
and other factors, can introduce significant variability in the AVHRR NDVI record. These
constituents have significantly different effects on AVHRR band’ s 1 and 2. The GIMMS NDV |

Global Inventory Modeling and Mapping Sudies (GIMMS) AVHRR 8km
Normalized Difference Vegetation Index (NDVI), Bimonthly 1981-2003.
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corrects for the known changes of the atmosphere from these two volcanic eruptions, but
reductionsin the NDVI signal can still be seen over densely vegetated tropical land covers for
limited time periods.

NDVI is aso sensitive to the periodic variations in solar illumination angle and sensor
view angles induced by the NOAA orbits. Its polar, sun-synchronous orbits permitted daily
coverage of each point on earth, although at time-varying viewing and illumination geometry.
The GIMMS NDVI dataset has a satellite overpass time drift correction that largely eliminates
the variation of NDV due to changesin solar zenith angle.

Frequent cloud cover can aso create numerous gaps in the daily AVHRR record
eliminating roughly 2/3s of the data. In order to construct cloud-free views of the Earth,
composite images were constructed at regular intervals by selecting pixels with the maximum
NDVI during regularly spaced intervals. Choosing pixels with maximum NDV I reduces cloud
cover and water vapor effects since both strongly reduce NDVI. Compositing can be done over
any time interval, but 9-10 daysis generally selected as the minimum period since the NOAA
orbit repeats at that frequency. The GIMMS data record constructed here is based on 15-day
composites. There are two 15-day composites per month, the first for day 1-15, and the second
for day 16 to the end of the month.

4. THEORY OF ALGORITHM/MEASUREMENTS

Green leaves have a higher reflectance in the AVHRR near infrared band (band 2) than in the
visible band (band 1), because of differencesin leaf chlorophyll absorption between the two
bands. Chlorophyll absorbs strongly in the red region, spanned by AVHRR band 1. Thus, the
difference in vegetation reflectance between the near infrared and visible bands increases with
green leaf vegetation density, hence chlorophyll concentration. The ratio of the difference
between band 2 and band 1 and their sum, hence the NDVI, is an index that ranges between -1
and +1; the observed range is usually smaller: Non-vegetated materials generally have amuch
lower NDVI1 (around 0) than dense vegetation (>0.7), since their near infrared and visible
reflectances are more nearly equal.

5. EQUIPMENT

5.1 Instrument Description

The Advanced Very High Resolution Radiometer (AVHRR) acquired datain 5 spectral
bands; one visible, one near infrared and three thermal bands, all with 1024 quantizing levels.
The thermal bands are not used in the GIMMS NDV I data. The AVHRR producesat 1.1 and 4
km spatial resolution. The 4-km product or global area coverage (GAC) product is derived from
the 1-km product by onboard sampling. The 4-km product is available globally from July 1981
until the present. The 1-km record is not continuous. Its availability depends upon prior
arrangements made by NOAA, or on the proximity of alocal receiving station that can capture
the data directly from the satellite. See NOAA —KLM users guide for specifications of the newest
NOAA AVHRR instruments. http://www2.ncdc.noaa.gov/docs’klm/

Global Inventory Modeling and Mapping Sudies (GIMMS) AVHRR 8km
Normalized Difference Vegetation Index (NDVI), Bimonthly 1981-2003.
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5.1.1 Platform

The NOAA AVHRR satellite series 7, 9, 11, 14 and 16 used for thisNDV1 record
flew in sun-synchronous polar orbits with anominal 1:30 or 2:30 PM local daytime
overpass time at launch. However, the overpass times drifted by 1-2 minutes per month to
asmuch as 4 1/2 hours later in the day creating variable illumination and view angles
over the period of record. The 55-degree sensor swath width permitted adaily view of
each pixel on Earth although at different illumination and view angles during the 9-day
repeat cycle. Maximum value NDV I data compositing tends to select pixels acquired in a
near-nadir mode with minimum atmospheric effects. Even so, view, illumination and
atmospheric effects remain. Reducing these effects was the aim of GIMMS processing.

5.1.2 Mission Objectives

The NOAA AVHRR satellite sensor series was originally designed as a weather
satellite. However from the early 1980s, AVHRR data has found increasing use to
monitor the type and condition of land vegetation. AVHRR vegetation data archives
extend back to August 1981.

5.1.3Key Variables

The AVHRR measured top of the atmosphere radiance in 5 bands. Band 1
covered the 0.5 to 0.7 um region, band 2 the 0.7 to 1.1 um region, with three thermal
bands one covering the middle infrared region around 3 microns and two thermal infrared
bandsin the 10 to 11 micron region. The GIMMS NDV | product uses as input radiance in
bands 1 and 2 and were mapped at the NASA Goddard Space Flight Center under the
guidance of Dr. Compton Tucker. The current adjusted NDV | dataset was derived
entirely from the NDVI produced during the 1998-2000 remapping effort of the GIMMS

group.

5.1.4 Principles of Operation

The NOAA satellite series, NOAA 6, 7, 9, 11 and 14 were in polar, sun-
synchronous orbits with nadir afternoon overpass times. NOAA 7 data span the years
1981 -1985, NOAA 9, 1986-1989, NOAA 11, 1989-1995, NOAA 14, 1995-2000, and
NOAA-16 from 2000 to 2004 (and continues through the present). Data from NOAA-9
was used from September 1994 until January 1995 when NOAA 11 started to
malfunction and its replacement, NOAA 13, failed shortly after launch. Each AVHRR
sensor has different and variable calibration and overpass time.

5.1.5 Instrument M easurement Geometry

The AVHRR is a scanning, imaging radiometer, scanning = 55 degrees, providing
a 2800 km swath width. The orbital configuration permits daily coverage at a maximum
gpatial resolution of 1 km of each point on earth, although at different viewing and
illumination geometries on subsequent days. The orbit repeats its ground track each 9

days.

5.1.6 Manufacturer of Instrument

Global Inventory Modeling and Mapping Sudies (GIMMS) AVHRR 8km
Normalized Difference Vegetation Index (NDVI), Bimonthly 1981-2003.
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See NOAA —KLM users guide for specifications of the newest NOAA AVHRR
instrument. http://www?2.ncdc.noaa.gov/docs/klm/

5.2 Calibration

NOAA provides preflight calibration coefficients that relate the digital counts measured
by the satellite to reflectances. The preflight calibration coefficients for the visible and near
infrared channel are of the form

reflectance = gain* (digital counts - offset) 1)

The gain and the offset are determined on the ground prior to launch of the satellite; The gain and
offset are referred to as preflight calibration coefficients. The preflight calibration coefficients
change for each satellite. In some cases preflight coefficients were updated during the time of
operation of a satellite.

Preflight calibration coefficients do not take into account the degradation of the AVHRR
during its time of operation. Several techniques exist to correct for the change in sensitivity of the
AVHRR. For the GIMMS data, the coefficients by Vermote and Kaufman (1995) are used to
correct the visible and near infrared reflectances for in-flight sensor degradation. In the GIMMS
NDVI datathe relative degradation error in the gain is further reduced to below 1 % by using a
desert calibration of the ratio of channels 1 and 2 reflectances to invariant Sahara Desert targets.

5.2.1 Specifications
5.2.1.1 Tolerance
See Vermote and Kaufman (1995) and Section 9.2.1 for more details,

5.2.2 Frequency of Calibration
See Vermote and Kaufman (1995) and Section 9.2.1 for more details. (Vermote
and Kaufman 1995)

5.2.3 Other Calibration Information
See Rao and Chen (1995). (Rao and Chen 1995)

6. PROCEDURE

6.1 Data Acquisition Methods

The input data for the GIMMS Land data processing isthe NOAA AVHRR GAC 1B
data. Our GAC 1B datawere obtained from NOAA and from NCAR sources at the time of
acquisition from 1985 to the present. We have augmented this dataset with GAC 1B data
available from NOAA'’ s Satellite Active Archive. The GIMMS NDV | datasets were corrected
using solar zenith angle values from the AVHRR sensor for the period of 1981-2002 (Pinzon
2002; Pinzon et al. 2004; Tucker et al. 2005).

6.2 Spatial Characteristics
6.2.1 Spatial Coverage

Global Inventory Modeling and Mapping Sudies (GIMMS) AVHRR 8km
Normalized Difference Vegetation Index (NDVI), Bimonthly 1981-2003.
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The coverage is global for all land areas except Greenland and Antarctica.

6.2.2 Spatial Resolution
The data are given in an 8km Albers Equal Area Conic projection using the
Clarke 1866 dllipsoid.

6.3 Temporal Characteristics

6.3.1 Temporal Coverage

The data are available from July 1981 through December 2002.
6.3.2 Temporal Resolution

Monthly; the GIMMS dataset is composited at a 15-day time step. The 15a
composite is the maximum value composite from the first 15 days of the month, and the
second (15b) isfrom days 16 through the end of the month.

7. OBSERVATIONS

7.1 Field Notes
Not applicable to this dataset.

8. DATA DESCRIPTION

8.1 Table Definition with Comments
Not applicable to this dataset.

8.2 Typeof Data

8.2.1 Parameter/ |8.2.2 Parameter/ 8.2.3 Data Range [8.2.4 Unitsof 8.2.5 Data
\Variable Name  |Variable Description Measurement  [Source
GIMMS NDVI GIMMS* Normalized [Theoretical range [Unitless] AVHRR
Difference between -1 and 1,
'V egetation Index values around O for
calculated” bare soil (Ilow or no
From AVHRR channel vegetation) values
1 of 0.7 or larger for
and 2 digital count data. |[dense vegetation.
Water=-0.1
No Data = -0.05

*GIMMS Normalized Difference Vegetation Index has been corrected for:
residual sensor degradation and sensor intercalibration differences;
distortions caused by persistent cloud cover globaly;
solar zenith angle and viewing angle effects due to satellite drift;
volcanic aerosols;

Global Inventory Modeling and Mapping Sudies (GIMMS) AVHRR 8km
Normalized Difference Vegetation Index (NDVI), Bimonthly 1981-2003.
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missing data in the Northern Hemisphere during winter using interpolation due to high solar
zenith angles,
low signal to noise ratios due to sub-pixel cloud contamination and water vapor.

8.3 Sample Data Record
Not applicable to this dataset.

8.4 Data For mat

All of thefilesinthisAVHRR NDVI dataset are in integer, | EEE standard format (big
endian). NDVI values are multiplied by 10000 water pixels have a value of -10000 in the raw
data, and -5000 are masked pixels, and missing are -2000 plus the flag 6.

The continental files have different image sizes, with the following numbers of columns
and rows:

SA = South America 1152 x 1152
AF = Africa 1152 x 1152
NA = North America 1024 x 1280
EA = Eurasia 2000 x 1250

AZ = Australia/New Zealand 1152 x 864

Thefilesarein the Albers Equal Area Projection. The README file provided has the
projection information, as well as a header file appropriate for use with the ENVI software.
However, the center of the corner pixels are:

coordinates for cornersin degrees:

Australia New
Africa  South America North America Eurasia Zeadland
Lower left lat : -42.243 -54.609 -2.417 -28.732 -45.708
Lower left lon -23.49 -120.024 -143.913 19.336 73.003
Upper left lat 43.711 31.448 54.626 34.609 14.836
Upper left lon -24.6 -99.665 157.412 -50.358 92.873
Lower right lat -42.242 -54.635 -2.382 -28.67 -45.736
Lower right lon 63.414 -7.069 -62.143 130.62 -173.093
Upper right lat 43.712 31.43 54.686 34.675 14.816
Upper right lon 64.523 -27.396 -3.476 -159.665 167.065

Flag files (please see Section 16)

NDVI isarchived as signed 16-bit integer files. In the formulas below, the data, once imported, is
referred to asthe 'raw’ data. To recover the-1 to 1 range of NDVI, use the following formula:
NDVI = fix(raw/10000)/10;

Global Inventory Modeling and Mapping Sudies (GIMMS) AVHRR 8km
Normalized Difference Vegetation Index (NDVI), Bimonthly 1981-2003.
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Inthe NDVI data, Water pixels have avaue of -10000 in the raw data, and -5000 are masked
pixels, and missing are -2000 plus the flag 6.

The flag files can be retrieved from the NDV I data by the following formula:

FLAG =raw - floor(raw/10) * 10;
(where FLOOR(X) rounds the elements of X to the nearest integers towards minus infinity.)

The meaning of the FLAG:

FLAG = 6 (missing data)

FLAG = 5 (NDVI retrieved from average seasonal profile, possibly snow)
FLAG = 4 (NDVI retrieved from average seasonal profile)

FLAG = 3 (NDVI retrieved from spline interpolation, possibly snow)
FLAG= 2 (NDVI retrieved from spline interpolation)

FLAG = 1 (Good value, possibly snow)

FLAG = 0 (Good vaue)

8.5 Related Data Sets

The 8 km GIMMS Land Surface AVHRR data set (Tucker et al. 2005) is available at its
original spatial resolution directly from the GIMMS group. Please contact Dr. Tucker for this
dataset. LAl and FPAR fields at quarter degree resolution based on the GIMMS data are also
available.

9. DATA MANIPULATIONS

9.1 Formulas
9.1.1 Derivation Techniques/Algorithms
See Section 9.2.1.

9.2 Data Processing Sequence
9.2.1 Processing Steps and Data Sets
The 8 km fields from the GIMMS Land Surface AVHRR data set available are

(Tucker et a. 2005) :
- NDVI

solar zenith angle

Temperature Channel 4

Temperature Channel 5

9.2.3 8-km NDVI Data Processing

Satellite datain NOAA level-1b format (Kidwell 1998) were ingested from
magnetic media, were forward mapped to the output bin closest to the center location of
each 8 km equal areagrid cell, respective calibration values were applied to each channel
(Vermote and Kaufman 1995), and the other values associated with the maximum NDVI
were retained for each compositing period. Data from seven AVHRR instruments on
different satellite platforms were used in this dataset (Table 1).

Global Inventory Modeling and Mapping Sudies (GIMMS) AVHRR 8km
Normalized Difference Vegetation Index (NDVI), Bimonthly 1981-2003.
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Table 1. I nstrument change timesfor the GIMM S dataset.

AVHRR instrument Start date End date
NOAA-7 July 1, 1981 February 8, 1985
NOAA-9 February 11, 1985 | November 7, 1988
NOAA-11 November 11, 1988 | September 19, 1994
NOAA-9 (descending) | September 20, 1994 | January 18, 1995
NOAA-14 January 19, 1995 October 31, 2000
NOAA-16 November 1, 2000 | December 31, 2003
NOAA-17 January 1, 2004 continuing

We used a similar navigation procedure to El Saleous et al. (2000), which in turn
is based upon the work of Baldwin and Emery (1995). The orbital model predicts the
position of the satellite at any time, using the satellite on-board clock and orbital elements
to determine the predicted position. From this perspective, the sun-target-sensor
geometry is determined. The NOAA satellites' velocity with respect to the earth’s
surface is ~7 km/second and the output bin size we employed is 8 km. Thistrandates
into atiming error of 1.0 second to achieve a navigation accuracy of <=7 pixel. The
majority of our navigation errors were due to errors of the on-board spacecraft clock. (El
Saleouset al. 2000) (Baldwin and Emory 1995)

Every composite image was manually checked for navigation accuracy by
comparing the mapped data to a reference coastline for the continent in question. Images
with > 1 pixel navigation error were investigated and the day(s) of the navigation error
identified. These days were subsequent reprocessed separately and manually registered to
the reference data, to bring the badly navigated day(s) into agreement with the reference
coastline, and the composite image was reconstructed by maximum value NDV |
compositing. In afew casesit was necessary to discard data from specific days, asthe
navigation errors were impossible to adjust.

With the failure of NOAA-13 to achieve orbit in 1992, NOAA-11 continued to
provide global afternoon/early morning AVHRR data. By 1994, the afternoon equatorial
overpass time for NOAA-11 was ~ 17:00 hours. We began using NOAA-9 descending
node AVHRR datafor our global NDVI data set in September 1994, and continued using
these data until NOAA-14 became operational in late January 1995.> Thereisthusa
fundamental difference between the PAL and GV data sets and the data set we describe
herein: We use NOAA-9 AVHRR data from October 1994 into January 1995 when there
were no NOAA-11 AVHRR data (it had failed), and use NOAA-9 AVHRR datain
September 1994 when the PAL and GV data sets use NOAA-11 data.

9.2.3.1 Radiometric calibration
Satellite determination of long-term surface trends requires precision within and
among various space-borne instruments. It isaso crucia to document the within- and

! NOAA-9 had a day-time descending node equatorial crossing time of ~09:00 hours in mid-1994 to early 1995. It
had "rocked around the clock”, with a ~2-3 minute/month later time procession from its original day time descending
node equatorial crossing time of 02:30 hours.

Global Inventory Modeling and Mapping Sudies (GIMMS) AVHRR 8km
Normalized Difference Vegetation Index (NDVI), Bimonthly 1981-2003.
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among-sensor calibration uncertainty to determine the accuracy with which surface trends
over time can be ascertained. The NDV| data we describe were processed in two ways:
(1) NOAA-7 through NOAA-14 channel 1 and 2 data from were processed using the
Vermote and Kaufman (1995) channel 1 and channel 2 calibration. The resulting NDVI
fields were further adjusted using the technique the desert calibration technique from Los
(1998), then decomposed and reconstructed using empirical mode decomposition to
correct for solar zenith angle effects (Pinzon 2002) and (2) Datafrom NOAA-16 were
processed using the preflight channel 1 and channel 2 calibration values and formed into
maximum values composites. An empirical mode decomposition and reconstruction was
performed to insure a slope with respect to time of 0.00 in desert areas and was also used
to correct solar zenith angle artifacts. ThisNOAA-16 NDV 1 time series was adjusted by
a constant offset to match up with a coincident-in-time and spatially-aggregated 8-km
SPOT Vegetation NDVI time series, which had previously been adjusted to match up
with the corresponding coincident-in-time NOAA-14 NDV 1 time series. We thus used
overlapping SPOT Vegetation NDV 1 time series as the means to intercalibrate or tie
together the NOAA-14 and NOAA-16 NDVI time series (Pinzon et al. 2004). Thiswas
necessary because the bi-linear gain for channel 1 and channel 2 of NOAA-16's AVHRR
instrument complicates ex post facto calibration. Thermal calibration coefficients after
Weinrab et al. (1990) were used for the calibration of all thermal channels. (Weinreb et
al. 1990)

9.2.3.2 Atmospheric Correction and Cloud Screening

We choose to produce a maximum value NDVI composite data set, and associated
layers, without any atmospheric correction, except during the EI Chichon and Mt.
Pinatubo volcanic stratospheric aerosol periods. A stratospheric aerosol correction was
applied as proposed by Vermote et al. (1997) from April 1982 through December 1984
and from June 1991 through December 1994. We formed composite stratospheric
aerosol optical depth fields by combining the work of Sato et al. (1993), and Vermote et
al. (1997). Rosen et al. (1994), Russel et a. (1993) and Dutton (1994) were used to
compare specific optical depth measurements to our blended global fields. We produced
optical depth fields that varied by month and degree of latitude.

Cloud screening was provided by achannel 5 thermal mask of 0° C for all
continents except Africa, where a cloud mask of 10° C was used. In addition, the
bimonthly composites significantly reduced cloud contamination and the channel 4 and
channel 5 thermal values are available for ex post facto cloud screening if desired.

9.2.3.3 Satellite drift correction using Pinzon et al (2002) method

The GIMMS group uses Empirical Mode Decomposition (EMD) to identify and
remove parts of the NDVI signal that are most related to the satellite drift (Pinzon 2002;
Pinzon et al. 2004) The EMD technique was introduced by Nordon Huang in 1998 as an
aternative to standard decomposition techniques for representation of nonlinear and
nonstationary data that show clear physical scales or frequency content. Unlike Fourier
decomposition (Wilks 1995; Trefethen and Bau 1997), the EMD abasis for the signal
from the dataitself. The EMD isempirical, intuitive, direct, a posteriori, and adaptive,
with the decomposition functions based on and derived from the data (Huang et al. 1998;

Global Inventory Modeling and Mapping Sudies (GIMMS) AVHRR 8km
Normalized Difference Vegetation Index (NDVI), Bimonthly 1981-2003.
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Huang et a. 1999). Pinzon et al. (2001) showed that EMD was applicable to NDVI time
series from the AVHRR sensor to isolate orbital drift effects from the NDVI
signa.(Pinzon et a. 2001)

Orbital drift resultsin later equatorial crossing times for the NOAA satellites and
results in changes of illumination that affect the NDVI. In this dataset, we identify the
trendsin the NDV|1 that associated with changes in sun-target-sensor geometry due to
satellite drift. Figure 3 shows the effects of satellite drift on the Solar Zenith Angle (SZA)
at three latitude bands, 75-35N, 35N-35S and 35S-55S. Anincreasing trend is observed in
each satellite due to its delay in the equatorial crossing time. This trend, superimposed on
each plot, is more pronounced at lower latitude, whereas seasonal variations dominate at
higher latitudes. Note that equatorial |atitudes have an extra oscillation due to solar nadir
moving past the target latitude, causing and increase in SZA at six month intervals rather
than at yearly intervals (Privette et a. 1995).

The EMD is used to extract NDVI trends that may be caused by the satellite
orbital drift, reducing the interference of other componentsin the NDVI signal. The EMD
is used to isolate the components of the NDV I signal that are related to SZA trends and
remove them from the corrected NDV 1 (see Figures 2 and 3). The technique removes
NDVI trends that are more than 80% correlated to the SZA trends shown in Figure 2.
Areas with trends that have alower correlation are not corrected. Figure 3 shows both
cases. trend removal from NDVI signal due to high correlation with the satellite drift, and
trends that have not been altered because of low correlation to satellite drift.

Figure 4 shows areas where the correction is the strongest, notably 1) the tropics
are most affected by satellite drift due to the SZA trend magnitudes, and 2) the high
northern latitude and regions with low vegetation biomes are less contaminated since the
SZA component represents asmall part of the NDVI signal (see Figure 2). The correction
is performed by-pixel. After the satellite drift correction, akriging interpolation removes
noise and attenuates the effect of cloudy and missing pixels.

9.2.3.4 Intercalibration of NDVI from all instruments using narrow-band
instruments such asMODI S and SPOT-Vegetation

In order to include the data from NOAA-16, an intercalibration of the single-gain
satellites NOAA-7-14 (historical data) and the dual-gain NOAA-16 with data from
SPOT-Vegetation global dataat 1 km (Achardet al. 1992). SPOT data was averaged from
1 km to 8 km globally and then decomposed using the EMD method. The interannual
trend from three years of data, 20 months overlapping with NOAA-14 and the rest with
NOAA-16, was extracted. This trend was determined to be invariant through time over
the period examined. A similar trend was extracted from the same period of NOAA-14. A
non-linear regression was performed to establish coefficients that transform the historical
data into the same range as that of the current and upcoming suite of visible and NIR
sensors, such as MODI S, SPOT-V egetation and others { Morisette, 2004 #1974} . A
similar regression was performed for the NOAA-16 data. Once the trends from the
historical and NOAA-16 data were transformed into the common range, the data was
reconstructed and a consistent time series was established.

Global Inventory Modeling and Mapping Sudies (GIMMS) AVHRR 8km
Normalized Difference Vegetation Index (NDVI), Bimonthly 1981-2003.



University of Maryland Global Land Cover Facility Data Distribution

% A5MN-=TEN
» M
i [ |H I Mol f |
_ b lﬂn I{ A | lﬁ"ll Iﬁll || I![;,\ |"|| /“|| III'II l ’Il/l'| Iﬂ |*'|I |I"|\ |I -]
o LI TI LB N A
o T AT AT YN
|| | |J \}l v I| }l \ Jll U ' I| }l l\/ lljl 'Jl v ||| |I| || ‘ | \
a0 I| Iu | | || u
il ! | I
" ‘IEIBZ 1'EI34 1 EIEE 15ISE- 1 Q:SD 19IE‘E 1 9:‘34 19I9'E 'I'EIBB EDIIII
355->35N
84 T T
goor
z
gt .
550t , A 1 ; T
& /q-'/"\. A .

Nagl | s jiE ]
5ol A9 W%MDW _
< 19:&2 1‘3'84 IBIEI-E 19I3E‘r 1‘\5;90 15;92 19194 19IEIIE 19I93 EDIIEI

355-=555
a4 )

=
"
—
—
‘jT =]
o
—
—
L —

2 85 & 8 B

i i i i i i A i 1 1
1962 1984 1986 1988 1930 1982 1834 1986 1838 2000

Figure 2. Solar Zenith Angles and trends derived from the NOAA-AVHRR sensor,
averaged by latitude bands 75N-35N, 35N-5S, 35S-55S
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Figure 3. EMD decomposition and removal of SZA-correlated trends. A. Before satellite
drift correction (series at top), trend removed (middle) and resulting series (bottom). B.
Example of a pixel that is not corrected due to lack of correlation with the SZA trends.
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Figure 4. Regions where satellite drift has an important contribution to the signal.
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9.3 Calculations
9.3.1 Special Corrections/Adjustments
None other than those described in 9.1 and 9.2 above.

9.4 Graphsand Plots
Seetext above, Tucker et al. (2003), Pinzon et al. (2003) for some graphs and plots of the
data.

10. ERRORS

10.1 Sourcesof Error
Some sources of error in the NDVI data set are not accounted for with the GIMMS
corrections. These errors are caused by:
soil background reflectance; this affects low NDV I values, but does not affect high NDVI
values. Thus similar low NDVI values may indicate different amounts of vegetation.
However, the EMD noise removal diminishesit.

10.2 Quality Assessment
10.2.1 Data Validation by Source
Earlier versions of the GIMMS-NDV | data have been used in various models and
seem to capture general patterns of vegetation well. Tests on sites showed reasonable
agreement of interannnual variation in GIMMS NDVI and other measures of vegetation
(Davenport and Nicholson 1993; Mamstrom et al. 1997; D'Arrigo et a. 2000). These
tests show that the variation in GIMMS NDV | is redlistic on specific sites. Comparison
between climate signals and GIMM S NDV | show realistic patterns in many semi-arid
regions and temperate regions.
Recent independent research has verified the quality of the NDVI data:
Lotsch et a (2003a) using the new GIMMS NDV I presented here and global
standardized precipitation index (SPI) datarevealed geographically extensive
patterns of joint NDVI-SPI variability (Lotschet al. 2003).
Jaet a (2003) anayzed the GIMMS NDV | datafor three bioclimate subzones in
northern Alaska and confirmed along-term trend of increase in vegetation
greenness for the Alaskan tundra that has been detected globally for the northern
latitudes. There was a 16.9% (+5.6%) increase in peak vegetation greenness
across the region that corresponded to simultaneous increases in temperatures
(Jiaet al. 2003).
In the Amazon basin, a recent publication by Poveda and Salazar (2004) showed
that at interannual timescales, the NDVI shows a reaction to both phases of
ENSO. Drynesswas seen due to El Nino, whereas NDV 1 spatial variability is
enhanced during La Nina (Poveda and Salazar 2004).
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Lotsch et a (2003b) demonstrated that seasonal GIMMS-NDVI1 anomalies for
Africa, spatial independent component analysis (ICA) reveals coherent regions
that capture high interannual variability in arid and semiarid areas of eastern and
southern Africathat were associated with fluctuations in sea surface temperature
anomalies (SSTA). When using other AVHRR datasets (here, PAL) known to be
contaminated with vol canic aerosols and sensor transition discontinuities, Lotsch
et al (2003b) needed to apply ICA correction to account for these artifacts. When
using these other datasets, results must be treated with caution (Lotsch et al.
2003).

Nemani et al (2002) found a 6% increase in NPP using the GIMMS NDVI in their
primary production model corresponding with known corresponding with changes
in CO2 concentrations 42% of the increase was from tropical forests due to
decreasesin cloud cover. Their satellite-based estimates of NPP show significant
growth stimulation in both the tropics and the northern high-latitude ecosystems.
Assuming that carbon emissions, including those from biomass burning and land-
use changes, are properly accounted for in the atmospheric inversions, this spatial
discrepancy means that respiration aswell as NPP isamajor driver of terrestrial
carbon-sink dynamics (Nemani et a. 2002).

10.2.2 Confidence L evel/Accuracy Judgment

The GIMMS-NDVI data set is believed to give large improvements over the
Pathfinder NDV | data set, especially for areas with persistent cloud cover and for needle
bearing evergreen vegetation during winter. GIMMS-NDV | has reduced the effects of
orbital drift, which are especially large near the end of the time of operation a satellite.
Corrections for atmospheric aerosols are likely to be too small from about one to three
months after an eruption (May-Jul 1982 for El Chichon and Jul-Sep 1991 for Mt
Pinatubo), where the aerosols have not mixed evenly into the atmosphere (Brown et al.
2003).

10.2.3 Measurement Error for Parametersand Variables
None given.

10.2.4 Additional Quality Assessment Applied
NDVI data are increasingly being used to assess interannual variationsin the
biosphere; we would like to distinguish between the following types of temporal analysis
(see also Gutman 1995) (Gutman et al. 1995):
seasonal analysis: NDVI data should have more than sufficient accuracy to assess
seasonality of vegetation with great confidence. The one exception may be the small
seasonal cycles observed in the Sahara, this seasonality is most likely caused by
variations in atmospheric water vapor, not by variations in vegetation.
interannual analysis. NDVI data have been used to look at year-to-year variationsin
desert margins (Tucker et al. 1991) and to variations associated with climate
oscillations (Myneni et al. 1995). The interannual signal in semi-arid regions and
temperate regionsisin general larger than the residual errorsin the data.
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trend analysis: Thisisin genera the smallest interannual signal in the data; errorsin
the NDVI data are often aslarge or larger than the magnitude of trends, at this stage
the magnitude of trendsin NDVI datais uncertain within an order of magnitude.

11. NOTES

11.1 Known Problemswith the Data

The declinein NDVI in mid-1991 was due to the Pinatubo eruption and subsequent
cooling and may not be related to actual declines in vegetation. Trendsin tropical regions are
affected by this decline and should therefore be treated with caution. In the high northern latitude
(north of 65 degrees N) have been corrected for extremely high solar zenith angles during the
winter months, and thus these values should be treated with caution.

11.2 Usage Guidance

GIMMS NDVI presents generalized patterns that may result in poor representations of a
specific locale, quantitative conclusions should be drawn with caution. Nevertheless, thisNDVI
dataset should provide alarge improvement over previously used NDV1 data sets, because the
data are collected by one series of instruments, and they give a more realistic representation of
the spatial and temporal variability of vegetation patterns over the globe. Users of the data are
strongly encouraged to validate their results on independent data.

11.3 Other Relevant Information
Not available at this revision.
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13. DATA ACCESS

13.1 Contactsfor Archive/Data Access I nformation
Please contact the GLCF Data Manager viathe contact page at www.landcover.org.

13.2 Archive I dentification
UMD GLCF Archiving is pending; refer to section 1.1, above for collection identification.

13.3 Proceduresfor Obtaining Data
Please contact the GLCF Data Manager viathe contact page at www.landcover.org.

13.4 Archive/Status/Plans
UMD GLCF Archiving is pending.

14. OUTPUT PRODUCTSAND AVAILABILITY

14.1 Tape Products
The GLCF provides access to products on DLT tape media, at media and handling costs.

14.2 Film Products
The GLCF does not currently provide access to products on film media.

14.3 Other Products
This data collection is available for free via FTP at the GL CF: www.landcover.org.

15. GLOSSARY OF ACRONYMS

AVHRR Advanced Very High Resolution Radiometer
BRDF Bidirectiona Reflectance Distribution Function
DAAC Distributed Active Archive Center

DVD Digital Video Disk

EMD Empirical Mode Decomposition

GAC Global Area Coverage

LAC Local Area Coverage
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GIMMS Global Inventory Monitoring and Modeling Studies
GSFC Goddard Space Flight Center

GVI Global Vegetation Index

ISLSCP International Satellite Land Surface Climatology Project
NASA National Aeronautics and Space Administration

NDVI Normalized Difference Vegetation Index

NOAA National Oceanographic and Atmospheric Administration
PAL Pathfinder AVHRR Land

RMS Root Mean Square Error

SR Simple Ratio

SZA Solar Zenith Angle

16. UMD UPDATES

GIMMS documentation update 1.01

The Global Land Cover Facility, University of Maryland Institute for Advanced Computer
Studies. www.landcover.org

Paul Davis, Kuan Song, and Benjamin White

November 11, 2004

16.1 Objectives

The Global Land Cover Facility (GLCF) made some adjustments to the GIMMS data as provided
by the authors. The GL CF obtained the GIMMS data in September 2004 with the intent of
distributing the collection in a different format from that available at the DAAC. The primary
intent was to convert the current Albers projection version to a Geographic coordinates version
and mosaic all continents into one global mosaic, so that researchers could model the world at
one time. Additionally, the GIMMS dataset was updated from binary format to GeoTIFF format
to make the collection easier for most users and commercial software to handle.

16.2 Procedures

16.2.1. Projection

The original GIMMS data collection isin Albers Conic projection, using different projection
parameters for each continent. The reprojection to Geographic coordinates was accomplished
using arigorous reprojection procedure instead of warping, giving higher accuracy. The M SE of
the reprojection is lower than 0.1 pixel. The resampling scheme is nearest-neighbor and the final
pixel resolution is 0.07272727 degrees.

16.2.2. Mosaic

The global mosaicing of the projected continental datasets were accomplished using a*“North
over South” scheme. For example, if alocation had avalid value in both the North Americatile
and South Americatile, the North Americatile point was used because of less cloud probability.

Global Inventory Modeling and Mapping Sudies (GIMMS) AVHRR 8km
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16.2.3. Data-Flag Separation

The original GIMMS data collection comesin IEEE 32-bit binary format, in which every pixel
eguals 10 times the data value plus the flag value. The GL CF separated these two layers into two
files, so that the flag layer is a separate file from the data value layer.

The meaning of the FLAG:

FLAG = 6 (missing data)

FLAG = 5 (NDVI retrieved from average seasonal profile, possibly snow)
FLAG = 4 (NDVI retrieved from average seasonal profile)

FLAG = 3 (NDVI retrieved from spline interpolation, possibly snow)
FLAG= 2 (NDVI retrieved from spline interpolation)

FLAG = 1 (Good value, possibly snow)

FLAG = 0(Good vaue)

16.2.4. Coastal issue

Traditionaly, GIMMS datasets exclude interannually-inundated land pixels. But this version
includes off-shore pixels for coastal studies. However, afew pixels off the coast have extremely
high values, most obviously around Africa. This problem was identified during GL CF processing
and the whole GIMM S dataset was updated to eliminate such pixels.

16.2.5. Shape Completion
A missing portion of Greenland has been added in the global dataset as“Nodata” for
convenience of researchers.

16.2.6. Website Previews

Instead of traditional and error-prone geographical color tables, GLCF developed a color table
based on advanced signal processing concept of LLOY DS quantization, which guarantees
minimum overall error when the dynamic range of the dataset is reduced to 256 levels.

16.3 Results

16.3.1. Versions

The GLCF servestwo versions of GIMMS now. Version A isthe origina GIMMS datain
continental tilesin Albers projection. The coastal issue mentioned above was resolved, but the
data layer and flag layers are not separated.

Version B is the reprojected, mosaicked global GIMMS data in Geographic coordinates, with the
coastal issue mentioned above taken care of, and with a separate data layer for the flag layer.

16.3.2. Data naming scheme
Version A of the GIMMS collection still carries the same naming scheme specified in the main
GIMMS documentation, e.g. AFOOapr15a.n14-VIig.tif .
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Version B’s naming scheme was atered; the corresponding Version B name for the Version A
file would be “00apr15a.n14-VIg_datatif” and “00aprl5a.n14-Vig_flag.tif” and for the flag
layer.

16.3.3 Data formatting scheme
TheVersion A and B filesare in 32-bit GeoTIFF format, which can be accessed by ENVI,
Imagine, ArcGIS and other mgjor commercial software. They are gziped for online distribution

16.3.4 Previews
On the website the pseudo-colored preview images as well gif animations are now available.

Global Inventory Modeling and Mapping Sudies (GIMMS) AVHRR 8km
Normalized Difference Vegetation Index (NDVI), Bimonthly 1981-2003.



